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ABSTRACT. 
TJie topography of retinal projections to the superior colliculus 
and dorsal lateral geniculate nucleus of a wallaby, the tarrunar 
(Maoropus eugenii), has been investigated by an anatomical method. 
One retina of each experimental animal was lesioned with a laser beam, 
irrunediately prior to an intraocular injection of horseradish 
peroxidase. Intact ganglion cells transported the horseradish 
peroxidase to their terminals in the superior colliculus and dorsal 
lateral geniculate nucleus. The non-transport of horseradish 
peroxidase from the site of tJie retinal lesion and from the region 
peripheral to it, produced filling defects in the horseradish 
peroxidase terminal Zabel. 
By making lesions around the retina and correlating the position 
of each lesion with the position of the corresponding terminal defect 
in the superior colliculus and dorsal lateral geniculate nucleus, 
maps of the retinal projection have been constructed. The whole of 
the retina projects axons to the contralateral superior colliculus. 
The orientation of the map is such, that nasal retina projects 
caudally in the superior colliculus and temporal retina projects 
rostrally . Ganglion cells in ventral retina project medially in 
the superior colliculus and cells in dorsal retina project laterally . 
There is a projection to the ipsilateral superior colliculus but it 
is patchy and its topography could not be determined. Retinal axons 
vi 
Abstract (cont . ) 
map aLong projection Lines in the dorsaL ZateraL genicuZate nucLeus 
and these are at right angLes to the Laminae. The retinotopic map 
is such, that nasaL retina projects rostraLLy in the dorsaL ZateraL 
genicuZate nucLeus , to the monocuLar segment. GangLion ceLLs 
situated dorsaLLy in the retina project ventraLLy in the dorsal 
ZateraL geniculate nucLeus and ceLLs situated ventraLly in the 
retina project dorsaLLy in the nucLeus. RetinaL gangLion ceLls 
~n terrrporaL retina project biLateraLLy to the binocular segment 
of· the dorsal LateraL genicuLate nucLei. 
dLGN 
HRP 
LGN 
SC 
W 66 
Wl20 etc. 
The poles 
ABBREVIATIONS. 
dorsal lateral geniculate nucleus 
horseradish peroxidase 
lateral geniculate nucleus 
superior colliculus 
these identify the wallabies. e.g. 
W 66 = wallaby 66; W120 = wallaby 120 
of the various retinae are indicated as 
N = nasal 
T = temporal 
V = ventral 
D = dorsal 
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INTRODUCTION. 
An orderly representation of the visual world is 
received by the retina and in turn, is mapped to visual 
centres in the brain. Among the visual centres are the 
optic tecta of sub-mammalian vertebrates and the superior 
colliculi (SC) and dorsal lateral geniculate nuclei (dLGN) 
of mammals. These structures are classified as primary 
visual centres, because they each receive a direct retinal 
projection. It is relevant to an understanding of a study 
of topography, that the basic anatomy and physiology of the 
tectum, SC and dLGN should be reviewed. 
Aspects of anatomy and physiology. 
The superior colliculus. The SC and its homologue in 
sub-mammalian vertebrates, the optic tectum, are layered 
structures. The alternating layers are predominantly 
either cellular or fibrous in content (review, Schiller, 
1984; Stein, 1984). In the optic tract, retinal axons en 
route to the mammalian SC separate, or in some cases 
branch, from those fibres projecting towards the dLGN 
(Jeffery et aL, l981;Dreher et al., 1985). The axons enter 
the SC at its brachium and project across in the stratum 
opticum. The paucity of cells in this layer easily 
distinguishes the upper visual 
layers which have some visual 
2 . 
layers from the deeper 
input but which receive 
mainly auditory and somatosensory information (Stein, 
1984). As an example of the layering, in the cat there are 
seven laminae of alternating fibres and cells, termed the 
stratum zonale, griseum superficiale, opticum, griseum 
intermediale, album intermediale, griseum profundum and 
album profundum (Stein, 1984). The upper layers receive 
topographical projections from the ganglion cells of the 
retina and from the pyramidal cells of layer 5 in the 
visual cortex (Stein, 1984; Bishop 1984). There is no 
reciprocal projection to the visual cortex (review, 
Schiller, 1984). Neurons in the upper layers send axons to 
other nuclei involved in vision, such as the pulvinar, 
pretectal and ventral lateral geniculate nuclei. There is 
a small projection to the dLGN (review, Schiller, 1984). 
The primary function of the SC is to orient the animal 
towards visual stimuli. In doing this, the SC is involved 
in the initiation of saccadic eye movements and these are 
associated with movements involving the orientation of the 
head and body (Wurtz and Albano, 1980). The SC may be 
involved in pattern discrimination (Sprague et al., 1970). 
It is involved in responses to moving stimuli (Sprague et 
al., 1970). While cells in the superficial layers respond 
only to visual stimulation (Stein et al., 1976), many cells 
in the deeper layers that respond to visual stimuli, also 
respond to movement (Wurtz and Albano, 1980). When animals 
are tested with visual, auditory and tactile stimuli, cells 
3. 
in the SC giving both bimodal and trimodal responses are 
found (Drager and Hubel, 1975). In rabbit, more than 30% 
of tested cells responded to two or all three of the test 
modalities (Horn and Hill, 1966). This suggests that all 
three modalities are involved in orienting the animal to 
environmental cues. 
The tectum. The tectum of sub-mammalian vertebrates 
is homologous to the SC, although in fishes, amphibians and 
reptiles, some aspects of its structure have caused the 
tectum to be likened to the mammalian visual cortex 
(review, Schiller, 1984). For example, pyramidal cells 
span the layers of the tectum and their extensive basal and 
apical dendrites enable the cells to make connections in 
several laminae (review, Schiller, 1984). Pyramidal cells 
are also a feature of the visual cortex (Lund, 1981). This 
is in contrast to the morphology of the SC, where all of 
the many cell types arborize in their own or adjacent 
laminae (Langer and Lund, 1974). However, like the SC, the 
tectum is involved in the orientation of the animal towards 
visual stimulation (Ingle, 1973) and in amphibians and 
fishes, there is some evidence that the tectum is the major 
centre for visual pattern analysis (review, Schiller, 1984). 
The dorsal lateral geniculate nucleus. The mammalian 
dLGN is comprised of monocular and binocular segments (Zahs 
and Stryker, 1985; Bishop, 1984). These terms are not used 
in a physiological sense. The use of the term binocular, 
4 . 
for example, does not imply that the segment contains 
binocularly active units. The binocular segment is that 
anatomical region of the dLGN, where input from the two 
eyes is segregated into either laminae or patches. In 
addition to this lamination of afferent input, there is 
also cytoarchitectural lamination within the dLGN. Neurons 
are separated into laminae by cell-deficient fibrous bands 
(Hickey and Guillery, 1979; Kaas et al., 1978; Bishop, 
1984). In the primates, it is generally considered that 
there are six laminae, although there are exceptions to 
this (Kaas et --9d..!.., 1978). In the rhesus monkey, if the 
cellular laminae are numbered 1 to 6 from the optic tract, 
laminae numbered 1, 4 and 6 are those which receive input 
from the contralateral eye, while laminae numbered 2, 3 and 
5 are those which receive input from the ipsilateral eye 
(Bishop, 1984). Laminae 1 and 2 are magnocellular, while 
laminae 3 to 6 are parvocellular. The reason for the 
reversal of eye of input between the magnocellular and 
parvocellular laminae is not known (Bishop, 1984). 
In the cat, there are six laminae, or seven if the 
inhomogeneous central lamina C is subdivided according to 
cell size and connections (Bishop, 1984). The laminae 
either side of the central C lamina receive ipsilateral 
retinal input, while the remaining laminae receive 
contralateral input. In rodents, the segregation of input 
to the binocular region of the dLGN is ill-defined and may 
be described as patchy rather than laminated. Hayhow et 
al., (1962) investigated the dLGN of the rat by a fibre 
5. 
degeneration technique and described alternating regions, 
that appeared to receive input predominantly from one eye 
or the other. However, these appear to be present only in 
albinos and related strains, with fully pigmented strains 
having a similar organization to that of hamsters (Sefton 
and Dreher, 1985). In the adult hamster, crossed 
retinogeniculate axons are excluded from a small region 
where there are terminations of uncrossed axons (Campbell 
et ~, 1984). 
The lamination patterns in the dLGN of five macropodid 
marsupials have been described by Sanderson et al., (1984). 
The dLGN of the large grey kangaroo and the tammar and 
pademelon, 
There is 
ipsilateral 
two species of wallabies, are highly laminated. 
an interspecies difference in the number of 
laminae in the dLGN of the pademelon, either 
four or five laminae being identified in different animals. 
In the rat kangaroo, the bettong, the laminae are less 
defined and there appear to be some regions which receive 
input from both eyes. In addition, the cytoarchitecture is 
more simplified and uniform. 
Bishop et al., (1962) introduced the concept of a point 
in the binocular visual field of an animal being 
represented as a projection line in the dLGN. An object 
passing through the binocular visual field and crossing a 
receptive field, excites a response at a point in each 
retina. Impulses are transmitted to and across the dLGN 
6. 
via optic axons which project to the cells in eye specific 
laminae or regions. Neurones which have similarly located 
receptive fields lie along the projection line (Kaas et al., 
1972) and this line is at right angles to the laminae 
(Sanderson, 1971). Points in the visual field adjacent to 
each other, are represented as adjacent lines of projection 
in the dLGN (Kaas et~' 1972). 
The pathway through the dLGN is the major pathway for 
the transfer of visual information from the retina to the 
cortex and it appears to be concerned with fine-grained 
pattern analysis (Bishop, 1984). Cells comprising a 
projection line in the three dimensional dLGN project to a 
small region of cells in the visual cortex (Pearson and 
Pearson, 1976), 
(Bishop, 1984). 
dLGN makes it 
where binocular information is integrated 
The complexity of connections within the 
apparent that visual information is not 
simply relayed through the nucleus however, but undergoes 
considerable processing before projection. For example, in 
the cat, feed-forward inhibition operates on the retinal 
input to the principal cells of the dLGN and this is 
mediated by monocularly activated interneurones (Lindstrom, 
1982). The principal cells are also subject to a feed-back 
inhibition, which appears to be mediated by cells of the 
perigeniculate nucleus (Lindstrom, 1982). The principal 
cells of the dLGN and the cortex project to the 
perigeniculate nucleus 
this nucleus projects 
(Ahlsen and Lindstrom, 1982) and 
back to the principal cells of the 
dLGN, as well as to the interneurones mediating the feed-
7. 
forward inhibition (Ahlsen, Lindstrom and Lo, 1982). 
In addition to retinal input, the dLGN in the cat 
receives a projection from lamina 6 in the striate or 
visual cortex. This has been determined by an horseradish 
peroxidase (HRP) study (Gilbert and Kelly, 1975) and by 
autoradiography (Hollander, 1974), which also showed that 
axons from the cortex project into each cell lamina of the 
dLGN. In both cat and monkey, the dLGN also receives a 
small projection from the upper layers of the SC (review, 
Schiller, 1984). Although the dLGN projects to several 
cortical areas, it projects mainly to lamina 4 of the 
visual cortex in cat and monkey (Hubel and Wiesel, 1972; 
Bishop, 1984). In the cat, the dLGN also projects to other 
thalamic nuclei such as the pulvinar and to the pretectum 
(Altman, 1962) . 
Is there a dLGN in the thalamus of sub-mammalian 
vertebrates, which is homologous in terms of function (as 
indicated by its connections), to the mammalian structure? 
In fishes, recent studies have discounted any homology of 
the lateral geniculate nucleus (LGN) with the mammalian 
dLGN, since it is not innervated by the retina (Luiten, 
1981a). The ventrolateral optic nucleus receives retinal 
afferents however, and projects to the central nucleus of 
the telencephalon and this may be homologous to the 
mammalian dLGN (Luiten, 1981a and 1981b). In the turtle, 
a dLGN which corresponds to the mammalian structure, both 
8 . 
receiving afferents from the retina and making reciprocal 
connections with the cortex, has been identified (Kosareva, 
1967; Hall et al., 1977). When cortical injections of HRP 
were combined with intraocular injections of tritiated 
proline, the autoradiographically labelled retinal 
projections terminated among HRP labelled dendrites of the 
dLGN cells (Hall et~' 1977). In pigeon and in owl a 
group of thalamic nuclei, collectively termed the nucleus 
opticus principalis thalami, receive retinal input 
and project efferent fibres to the Wulst (Karten et al., 
1973) . The opticus principalis thalami neurones in the 
owl have concentrically organized on centre and off centre 
fields and give both sustained and transient responses and 
in these respects they are identical to dLGN neurones in the 
cat (Pettigrew and Konishi, 1976). However, an homology 
with the mammalian dLGN has not been established. 
9 . 
The topography of retinal projections to the tectum, 
SC and dLGN. 
The topography of retinal projections refers, in this 
thesis, to the representation of the visual field upon the 
retina and the consequent mapping of the retina on to the 
tectum, SC or dLGN. Topography refers to the orientation of 
the map and features of the map, such as the areal 
projection 
refers to 
of specialized regions of the retina. It also 
the pattern of decussation and mapping, the 
strategy that animals adopt in order to map topographically. 
Various experimental techniques have been developed in 
order to elicit clearly, as much information as possible, 
from any one topographical study. Nevertheless, knowledge 
of the topography of retinal projections in any one 
species, has usually been built up as a result of studies 
in which different approaches have been used and in which 
complementary and sometimes contradictory information has 
been obtained. 
it is useful 
approaches. 
As an aid to the interpretation of results, 
to consider some of these experimental 
10 . 
Methods used in topographical studies. Most experimental 
approaches to topographical studies have used anatomical 
methods or electrophysiological techniques. However, Sperry 
(1944) mapped different regions of the visual field to the 
optic lobe of the anuran, by a behavioural method. 
Different regions of the tectum were removed in 
experimental animals. Subsequently, the animals were 
tested for their strike reaction to the presentation of a 
lure. The position of the lure in the visual field when 
the strike reaction was abnormal, was correlated with the 
region of the tectal lesion. Although this behavioural 
method was necessarily imprecise, it did establish that 
there was an ordered representation of retinal projections 
on to the optic lobe. 
An electrophysiological mapping experiment, which 
involved the direct application of electrical stimulation 
to the retinal quadrants of the carp, was carried out by 
Buser and Dussadier (1953). They located the position of 
the responses in the tectum and found that a quadrantic 
retinotopy was observed. Subsequently, more sophisticated 
techniques were developed. A method involving stimulation 
of the retina by light or a moving object while the 
response is recorded across the tectum by a microelectrode, 
became the standard electrophysiological method for mapping 
the visual field to the tectum (Gaze, 1970). Multi-unit 
and single unit receptive fields can be mapped (Gaze, 1970) 
and the technique has been used extensively. Species of 
11. 
animals tested include some fishes (Schwassmann and 
Kruger, 1965), frogs (Gaze and Jacobson, 1962), and 
reptiles (Heric and Kruger, 1965). The technique has also 
been used for mapping the responses across the SC in a 
number of mammals, such as the rat (Siminoff et al., 1966), 
cat (Feldon et al., 1970) and monkey (Cynader and Berman, 
1972) and for mapping retinogeniculate responses in animals 
such as the cat (Bishop et~' 1962), rat (Reese and 
Jeffery, 1983) and rabbit (Hughes, 1971). In 
electrophysiological studies, the whole of the visual field 
may be mapped in the one experiment and this contrasts with 
the situation in anatomical studies, which require that a 
composite map be established from the results of a number 
of experiments. 
For many years, neuroanatomical studies have made use 
of the Wallerian law, that the distal part of axons (and 
their terminals) degenerate, if the nerve fibres are 
transected at any point (Beresford, 1966). Eye enucleation 
or lesions made in one quadrant of the retina, result in 
the degeneration of retinal axons and terminals in the 
brain. Researchers who used an early technique, the Marchi 
method, stained the degenerating myelin sheath of the optic 
fibres black, and these can be visualized by light 
microscopy (Bodian, 1937). Subsequently, an experimental 
method of Nauta and Gygax (1951) or a modification of this 
method, became the one of choice for many investigators. 
This method uses reduced silver impregnation to make axonal 
and terminal degeneration visible but it is often 
12 . 
complicated by heavy impregnation of normal fibres (Heimer, 
1970). In an effort to overcome this problem, a number of 
modifications have been made to the original method, such 
as that published by Fink and Heimer (1967). A different 
and more recently described technique involves severing the 
optic nerve and allowing the distal part to take up and 
transport to the terminals a cobaltous lysine preparation. 
Subsequently, when the brain is sectioned and chemically 
processed, the cobalt precipitates and stains black the 
filled axons and terminals. 
Another anatomical approach has been to use the 
injection of axonally transportable chemicals into the eye 
or into a visual centre in the brain, in association with 
earlier unilateral eye enucleation and/or lesioning. 
Radioactive amino acids, such as proline, may be 
intraocularly injected. After a suitable time, the label 
in the dissected target tissue is developed with a 
photographic emulsion (Harting and Guillery, 1976). 
Transneuronal transport of the label has been reported 
however, and this can lead to a problem in the 
interpretation of the results of topographical studies, if 
the directness of the projection is in question (Guillery 
and Updyke, 1976). Another chemical, the enzyme 
horseradish peroxidase, can be injected either into the eye 
or visual centre, for anterograde or retrograde transport. 
After allowing sufficient time for transport, the dissected 
tissue is chemically processed. The peroxidase in the cell 
bodies or axon terminals within the tissue, in the presence 
13. 
of a chromagen acting as an hydrogen donor and hydrogen 
peroxide, catalyses a reaction which gives an insoluble and 
coloured oxidation product (Hopkins, 1978; Mesulam, 1982). 
In anatomical studies, projections can be quantified and 
minor pathways detected, in contrast to physiological 
studies which are limited in this respect. 
14. 
A review of topographical studies, structured about the 
decussation and mapping strategies which vertebrates use. 
The topographical map established by the retinal 
projections, is dependent upon how much of the visual field 
is recorded by the retina, how much and what part of the 
retina projects axons and upon the decussation pattern of 
the fibres in the optic chiasm. Features of the map may be 
dependent upon which class or classes of ganglion cells 
project axons. 
Lund (1978) proposed three strategies by which retinal 
ganglion cell axons may distribute through the optic chiasm 
and map to primary visual centres in the brain. The 
strategies are considered, as they apply to the tectum or 
SC and to the dLGN and examples of the strategies in use, 
are drawn from the vertebrate classes. 
15. 
Strategy 1. (Fig. 1). 
There is a complete decussation of retinal axons in 
the chiasm and the axons project to the contralateral lobe 
of the tectum or SC, whereon they map in order. The animal 
has laterally placed eyes and the entire retina is mapped 
to the contralateral brain region. In the strategy's most 
idealized form, there is no binocular, central field, 
overlap. The visual field of each eye comprises a discrete 
half of the total visual field and the fields meet at the 
mid saggital line directly in front of the animal. Even if 
the fields do overlap centrally, all axons cross at the 
chiasm. An object passing through the total visual field 
from left to right, is recorded across the left retina in a 
nasal to temporal continuum and then by the right retina in 
a temporal to nasal continuum. 
Optic tectum. The projection to the optic tectum in 
birds adheres to this strategy. The entire contralateral 
f ield is mapped to the tectum (Clarke and Whitteridge, 
1976). Light stimulation of the eye does not produce an 
electrophysiological response in the ipsilateral tectum 
(Clarke and Whitteridge, 1976) and the complete decussation 
of the optic fibres in the chiasm which this suggests, has 
been supported by anatomical evidence in pigeons, owls 
(Karten et~' 1973), and chickens (Ehrlich and Mark, 
1984). Birds do, however, have binocular vision. In the 
16. 
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FIGURE 1. STRATEGY 1 (after Lund, 1978). There is complete 
decussation of retinal axons in the chiasm and the axons project 
to the contralateral lobe of the tectum or SC, whereon they map in 
order. The animal has laterally placed eyes and the entire retina 
is mapped to the contralateral brain region. In the strategy's 
most idealized form, there is no binocular, central field, overlap. 
The visual field of each eye comprises a discrete half of the total 
visual field and the fields meet at the mid sagittal line directly 
in front of the animal. Even if the fields do overlap centrally, 
all axons cross at the chiasm. An object passing through the total 
visual field from left to right, is recorded across the left retina 
in a nasal to temporal continuum and then by the right retina in a 
temporal to nasal continuum . 
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owl, the cross-over of projections necessary to mediate 
binocular vision takes place forward of the tectum, as 
axons relay to the Wulst (Karten et al., 1973; Pettigrew and 
Konishi, 1976). Birds meet the criterion of Strategy 1 
because, even though there is central overlap of the visual 
fields, all axons cross at the optic chiasm. 
In most fishes, the eyes are laterally placed, with a 
visual field of approximately 180°. The axis of the eye is 
tilted slightly forward, so that a small binocular overlap 
of the fields centrally, may be expected (Walls, 1942). 
Despite this possibility, it was considered by Lund (1978) 
that fishes used this strategy, since both physiologically 
and anatomically there appeared to be complete decussation 
of the optic nerves and there is a map of the entire 
contralateral visual field on the tectum (Schwassmann and 
Kruger, 1965). The retinal projections to the 
contralateral tectum, in four species of teleosts, were 
mapped electrophysiologically by Schwassmann and Kruger 
(1965). In each of the species, several receptive fields 
did extend into the region of binocular overlap. However, 
stimulation of the eye failed to evoke any ipsilateral 
tectal response. This lack of response suggested that 
there was no ipsilateral projection, and therefore, that 
decussation was complete. Jacobson and Gaze (1964), using 
the goldfish, also reported a lack of response in the 
tectum when the ipsilateral eye was being stimulated. 
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By anatomical methods and using the squirrel fish and 
goldfish respectively, Campbell and Ebbesson (1969) and 
Sharma (1972), confirmed that the retinal projection to the 
contralateral tectum was completely crossed, thereby 
lending support to the findings of the earlier 
physiological work. However, despite these findings, more 
recent anatomical work in which the cobaltous lysine method 
was used, suggests that there may be a direct input from 
the retina to the ipsilateral tectum (Ebbesson and Ito, 
1981; Springer and Gaffney, 1981). This projection is 
reported to be relatively sparse, which may explain why it 
has been undetected physiologically. It also appears to be 
variable between animals of the same species (Springer and 
Gaffney, 1981) , so that a larger number of animals than it 
is usually practical to sample by electrophysiology, may 
need to be tested. On the other hand, the variability 
detected anatomically, could simply be due to inadequate 
filling of the retinotectal fibres in some instances 
(Springer and Gaffney, 1981). In any case, since the 
projection is so minor, the fishes may in essence be using 
Strategy 1. The question has not yet been satisfactorily 
resolved. 
Lund (1978) considers that amphibians use this 
strategy, though the eyes in the mature frog, for example, 
are more frontal and superior than lateral (Beazley et al., 
1972). In the frog, the contralateral field is mapped to 
the tectum (Gaze and Jacobson, 1962) and anatomical studies 
indicate that there is complete decussation of optic fibres 
19 . 
destined f o r the optic tectum (Scott, 1973). However, 
light stimulation via one eye, from the central part of the 
visual field, does produce a bilateral response in the 
tecta (Gaze and Jacobson, 1962) with the delay in response 
to stimulus being greater on the ipsilateral side (Gaze and 
Jacobson, 1963). This observation has been explained by the 
detection of an indirect pathway from the retina to the 
ipsilateral tectum. Information is relayed from the 
contralateral tectum via the nucleus isthmii, to the 
ipsilateral tectum (Gruberg and Udin, 1978; Grobstein et 
al., 1978). Thus, the observation of a bilateral tectal 
response to stimulation via one eye, does not compromise 
the evidence that there is a complete decussation of optic 
fibres in the chiasm. However, there is one report of a 
direct, though sparse, ipsilateral retinotectal projection 
being found, by use of the cobaltous lysine technique 
(Lazar, 1978). 
Heric and Kruger (1965) have mapped the visual field 
of the alligator to its tectum by electrophysiology. 
However, they did not test for the presence of a projection 
from the eye ipsilateral to the tectum. I • Reperant and Rio 
(1976), testing by anatomical methods, reported an 
ipsilateral projection to be absent in crocodilians. Some 
of the turtles, lizards and snakes of this reptilian class 
have a direct ipsilateral retinotectal projection, however 
(Bass and Northcutt, 1981; Cruce and Cruce, 1975; Reperant 
and Rio, 1976). These projections have been found by using 
anatomical methods but results within orders of the class 
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are inconsistent . For example, Reperant et al., (1978) 
found an ipsilateral projection to the tectum in only one 
of five different species of lizards. It seems that some 
reptiles may use Strategy 1 and some may not. 
With one recently reported exception {Stein and 
Gaither, 1981), the orientation of the visual field map on 
the retina and the retinal map on the tectum or SC, is 
similar throughout the sub-mammalian classes. The maps are 
laid down in an ordered continuum. The central field is 
recorded by the more temporally placed ganglion cells and 
is projected rostrally across the tectum or SC, while the 
peripheral field is recorded by the more nasally placed 
ganglion cells and projects caudally. The superior visual 
field is recorded ventrally in the retina and projects 
medially to the tectum or SC. The inferior field, detected 
by the dorsal retina, is projected to lateral tectum or SC. 
This has been reported in fishes {Schwassmann and Kruger, 
1965), amphibians {Gaze and Jacobson, 1962), reptiles 
(Heric and Kruger, 1965), and avians {Clarke and 
Whitteridge, 1976). The only reported exception to this 
mapping orientation is that found in Iguana iguana, in 
which the map is rotated 90° anticlockwise compared to the 
orientation just described {Stein and Gaither, 1981). There 
is, at present, no explanation for this anomaly in axis 
alignment. It is not a general reptilian characteristic. 
21. 
The areal distibution of the retinal projection on 
to the tectum is related to the density of ganglion cells 
across the retina. For example, the projection of the 
retina is uniform across the tectum of fishes (Jacobson and 
Gaze, 1964; Schwassmann and Kruger, 1965) and in goldfish, 
this corresponds to the even density of ganglion cells found 
across the retina (Johns and Easter, 1977; Murray et al., 
1982). In frogs, the area of a strip of retina lying above 
the horizontal meridian, projects to the tectum by a 
magnification factor three times that of peripheral retina 
(Jacobson, 1962). This correlates well with the isodensity 
map of the distribution of ganglion cells in the retina of 
the frog, which reveals a visual streak of high ganglion 
cell density along the naso-temporal axis and an area 
centralis within the temporal region of the streak. The 
density of ganglion cells in the area centralis is 
approximately three times that of peripheral retina 
(Beazley, 1985). A similarly magnified distribution site 
for retinal projections on to the tectum has been described 
for a reptile (Heric and Kruger, 1965). In the pigeon, the 
retina projects two specialized regions of high ganglion 
cell density, the fovea and the red area, by an areal 
magnification factor which is proportional to the square of 
the ganglion cell density (Clarke and Whitteridge, 1976). 
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Dorsal lateral geniculate nucleus. The pattern of 
decussation and mapping designated as Strategy 1, is used 
by birds, not only for the retinotectal projection but also 
for the retinothalamic projection. Decussation is total in 
pigeons (Karten et al., 1973), owls (Bravo and Pettigrew, 
1981), and chickens ( Erhlich and Mark, 1984). It has been 
reported that the whole of the retina is represented in the 
retinothalamic projection of the owl (Bravo and Pettigrew, 
1981) and that the foveal region of the retina receives an 
enlarged representation in the thalamus (Bravo and 
Pettigrew, 1981). 
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Strategy 2. (Fig. 2). 
There is partial decussation of optic nerve fibres in 
the chiasm. Nasal retina projects contralaterally and 
temporal retina projects ipsilaterally. The zero vertical 
meridian of the visual field is recorded along the dividing 
or decussation line between nasal and temporal retina and 
when the projection from nasal retina to the contralateral 
visual centre in the brain is mapped by electrophysiology, 
the representation 
to extend across 
because the visual 
of the zero vertical meridian is found 
one pole of the visual centre. This is 
centre receives a map of the 
contralateral hemifield only. An object passing through 
the hemifield to the left of the animal, in a left to right 
direction, is tracked simultaneously by the nasal retina of 
the left eye and the temporal retina of the right eye. The 
animal has frontal eyes. The hypothetical extreme of this 
model, which does not in reality exist, requires that each 
eye see exactly the same visual field, so that there is 
total binocular overlap. 
A realistic model can be developed from the 
hypothetical one, if it is allowed that the two eyes do not 
see exactly the same visual field (Fig. 3). That is, the 
overlap of the visual fields is only partial. This central 
overlap comprises the binocular segment of the field. The 
far peripheral field on one side, is surveyed only by the 
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most nasal part of the retina on the same side. The extent 
of the binocular field, in proportion to the monocular 
field, varies between species. The most nasal part of the 
retina, which subserves the monocular field, projects to a 
monocular segment of the contralateral visual centre in the 
brain. 
Superior colliculus. The primates use this strategy 
for mapping to the SC. In the macaque monkey, lesions 
applied to the nasal and temporal sides of the retina, 
produce defects in the contralateral and ipsilateral SC 
respectively (Wilson and Toyne, 1970). The decussation 
line in the retina passes through the fovea and Stone et al., 
(1973) have shown that retinal ganglion cells lying nasally 
to the fovea project contralaterally, while those cells 
lying temporally to the fovea project ipsilaterally. In 
electrophysiological mapping experiments, and using three 
different primates, cynader and Berman (1972) and Lane et 
al., (1973) found that the receptive fields were all centred 
within the contralateral hemifield. The vertical meridian 
is represented at the rostral margin of the SC that is, the 
central visual field is mapped rostrally, and the 
peripheral visual field is represented caudally. Superior 
and inferior visual fields are represented medially and 
laterally respectively, in the SC (Lane et al., 1973). There 
is a disproportionately large area of SC devoted to central 
vision (Cynader and Berman, 1972; Lane et al., 1973) and 
FIGURE 2. STRATEGY 2 (after Lund, 1978). There is par tial 
decussation of optic nerve fibres in the chiasm. Nasal retina 
projects contralaterally and temporal retina projects ipsilaterally. 
The zero vertical meridian of the visual field is recorded along the 
dividing or decussation line between nasal and temporal retina and when 
the projection from nasal retina to the contralateral visual centre in 
the brain is mapped by electrophysiology, the representation of the 
zero vertical meridian is found to extend across one pole of the visual 
centre. This is because the visual centre receives a map of the 
contralat eral hemifield only. An object passing through the hemifield 
to the left of the animal, in a left to right direction, is tracked 
simultaneously by the nasal retina of the left eye and the temporal 
retina of the right eye. The animal has frontal eyes. The 
hypothetical extreme of this model requires that each eye see exactly 
the same visual field, so that there is total binocular overlap. 
FIGURE 3. STRATEGY 2 . (after Lund, 1978). A realistic model can be 
developed from the hypothetical one (Fig. 2), if it is allowed that 
the two eyes do not see exactly the same visual field. That is, the 
overlap of the visual fields is only partial. The central overlap 
comprises the binocular segment of the field. The far peripheral 
field on one side, is surveyed only by the most nasal part of the 
retina on the same side. The extent of the binocular field in 
. , 
proportion to the monocular field, varies between species. The most 
nasal part of the retina, which subserves the monocular field 
projects to the monocular segment of the contralateral visual 1 centre 
in the brain. 
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this correlates with a sharp and very considerable rise in 
ganglion cell density from peripheral to central retina 
(Webb and Kaas, 1976). Isodensity lines are organized 
almost concentrically about this central region, with short 
extensions of the lines in both the horizontal and vertical 
directions (Webb and Kaas, 1976). There is an homogeneous 
population of ganglion cells classes in central retina 
(Webb and Kaas, 1976). Within the binocular part of the 
from the ipsilateral eye are stronger at a SC, responses 
deeper level than those of the contralateral eye (Lane et 
and this supports anatomical evidence which 
retinal fibres from the ipsilateral eye 
al. , 
shows 
1973), 
that 
terminate in 
contralateral 
a deeper layer of the SC than those from the 
eye (Tigges and Tigges, 1970). 
Until recently, it was thought that this optic fibre 
decussation and mapping strategy, was used only by the 
primates. However, Pettigrew (1986) has shown by both 
physiological and anatomical methods, that the megabats 
Pteropus scapulatus, Pteropus poliocephalus, and Pteropus 
alecto, also use this strategy. Receptive fields closely 
aligned to the vertical meridian in the visual field, were 
recorded at the rostral edge of the SC and the retrograde 
transport of HRP from SC to retinae, revealed labeled 
ganglion cells discretely in nasal retina contralaterally 
and temporal retina ipsilaterally. 
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Dorsal lateral geniculate nucleus. The cat uses this 
strategy of decussation and mapping for retinal projections 
to the dLGN (Hickey and Guillery, 1979; Bishop, 1984). 
There is partial decussation of the retinal projection in 
the chiasm (Laties and Sprague, 1966). The projection from 
nasal retina is entirely crossed, while that from temporal 
retina is uncrossed (Stone and Hansen, 1966). The binocular 
segment of the dLGN comprises two laminae which receive 
projections from the ipsilateral eye, interleaved between 
three laminae which receive projections from the 
contralateral eye (Hickey and Guillery, 1974; Bishop, 
1984). Projection lines, which demonstrate that input to 
the dLGN from the two eyes is in register, were first 
described in the cat (Bishop, et al., 1962). The narrow 
lamina adjacent to the optic tract is not known to receive 
input from the retina (Hickey and Guillery, 1974; Bishop, 
1984). There is a small monocular segment in the dLGN, 
far peripheral field of vision (Bishop, representing the 
1984) . 
cat, 
and 
where 
the 
dLGN 
field 
The zero vertical meridian of the visual field of the 
projects to the medial edge of the contralateral dLGN 
the projection spans the dLGN to its lateral margin, 
the far peripheral field is represented. That is, 
contralateral half of the visual field projects to the 
(Sanderson, 1971; Bishop, 1984). The superior visual 
projects caudally in the dLGN and the inferior field 
projects rostrally (Bishop et al., 1962; Stone and Hansen, 
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1966; Sanderson, 1971). The region of the area centralis 
in the retina, receives an enlarged representation in the 
dLGN and this has been demonstrated by anatomical and 
physiological methods (Laties and Sprague, 1966; Bishop et 
al., 1962). The three morphologically distinct classes of 
ganglion cells are distributed throughout the retina in 
relatively constant proportions (Bishop, 1984), but 
ganglion cell density in the area centralis is ten times 
that of peripheral retina (Hughes, 1971). 
The visual field of another carnivore, the ferret, has 
been mapped electrophysiologically to the dLGN, by Zahs and 
Stryker (1985) and the animal has been found to use Strategy 
2. The contralateral hemifield is mapped across the 
dLGN in order. The laminar arrangment in the ferret is 
similar to that of the cat. Two laminae receive ipsilateral 
retinal input and lie between three laminae receiving 
contralateral input (Zahs and Stryker, 1985) and the input 
from the two eyes is stri?tly segregated. The binocular 
input to the dLGN is in register. This has been 
demonstrated by penetrating an electrode through the dLGN, 
at an angle approximating that of a projection line. The 
position of the receptive fields change very little with 
successive recordings (Kaas et al., 1972; Zahs and Stryker, 
1985). As in the cat, the outermost lamina, adjacent to 
the optic tract, does not receive a retinal projection 
(Zahs and Stryker, 1985). A monocular segment lies 
laterally in the nucleus and it is small (Zahs and Stryker 
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1985), though comparatively larger than that of the cat 
(Linden et al., 1981). The retinal projections to the dLGN 
in the ferret, map in the same order as those of the cat, 
but the orientation of the projection map with respect to 
the orientation of the nucleus, differs by 110° (Zahs and 
Stryker, 1985). 
The primates use Strategy 2 for mapping to the dLGN, 
as well as to the SC. Ganglion cells temporal to the 
retinal fovea project ipsilaterally, while those cells in 
nasal retina project contralaterally (Stone et al., 1973). 
Decussation in the chiasm is therefore partial and each 
dLGN receives a map of the contralateral hemifield. In the 
nucleus, there are commonly six laminae grouped in pairs, 
with one pair member receiving input from the ipsilateral 
eye and the other pair member receiving input from the 
contralateral eye but there are subdivisions and additions 
to this basic pattern, among the species (Kaas et al., 
1978). The underlying projection line structure of the 
dLGN is demonstrated when a recording electrode is 
penetrated through the dLGN perpendicular to the laminae. 
There is little change in receptive field positions (Kaas 
et~' 1972). There is a small monocular segment at the 
rostral pole of the nucleus and this receives a projection 
from the most nasal part of the contralateral retina (Kaas 
et~' 1972). 
30. 
The retinotopic map of the visual field projected to 
the dLGN in primates is such, that central field is 
represented caudally in the nucleus, while peripheral field 
is represented rostrally. Inferior visual field is mapped 
to lateral dLGN by the retinal axons and the superior field 
is mapped to medial dLGN (Kaas et al., 1972); Malpeli and 
Baker, 1975). The foveal region of the retina receives an 
enlarged 
Malpeli 
20° of 
nucleus 
increase 
central 
1975). 
representation in the dLGN (Kaas et al., 1972; 
and Baker, 1975). In the owl monkey, the central 
vision is represented through about half of the 
(Kaas et~' 1972) and there is a pronounced 
in the magnification factor from peripheral to 
retina in the rhesus monkey (Malpeli and Baker, 
Study of the retinae of four primates, by 
wholemount preparation, has shown foveal specialization to 
be a feature. Indeed, the many layers and high density of 
ganglion cells in the foveal region, prevented a count of 
cells there (Stone and Johnston, 1981). There is evidence 
too, though it is weaker, of visual streak formation (Stone 
and Johnston, 1981). 
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strategy 3. (Fig. 4). 
In this strategy also, there is partial decussation of 
optic fibres in the chiasm. But in this case, the whole of 
the retina projects to the contralateral side of the brain, 
with the temporal retina sampling the hemifield beyond the 
vertical meridian and thus effectively extending the visual 
field of each eye. There is, in addition, a projection from 
the temporal retina to ipsilateral visual centres in the 
brain. This strategy can accommodate animals with either 
frontal or lateral eyes and the binocular central field 
overlap is variable in extent between species. An object 
passing through the visual field from left to right is seen 
by the left eye in a nasal to temporal continuum and by the 
right eye in a temporal to nasal continuum. Nasal retina, 
which projects only contralaterally, subserves a monocular 
segment in the visual centres. 
Superior colliculus. With the exception of the 
megabats, which appear to use the primate strategy 
(Pettigrew, 1986), non-primate mammals use this strategy 
when mapping the visual field on to the SC. The whole of 
the retina projects to the contralateral SC in rat 
(Siminoff et al., 1966), hamster (Insausti et al., 1984), cat 
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FIGURE 4. STRATEGY 3 (after Lund, 1978) . In this strategy also, 
there is partial decussation of optic fibres in the chiasm. But in 
this case, the whole of the retina projects to the contralateral side 
of the brain, with the temporal retina sampling the hemifield beyond 
the vertical meridian and thus effectively extending the visual field 
of each eye. There is, in addition, a projection from the temporal 
retina to ipsilateral visual centres in the brain. This strategy 
can accommodate animals with either frontal or lateral eyes and the 
binocular central field overlap is variable in extent between species. 
An object passing through the visual field from left to right is seen 
by the left eye in a nasal to temporal continuum and by the right eye 
in a temporal to nasal continuum. Nasal retina, which projects only 
contralatcrally, subserves a monocular segment in the visual centres. 
(Feldon et~' 1970; 
opossum (Volchan et~' 
ipsilateral projection, so 
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Harting and Guillery, 1976) and 
1982). There is also an 
that decussation through the 
chiasm is partial. This has again been shown in rat (Lund 
et al., 1980), hamster (Tiao and Blakemore, 1976a; Insausti 
et~' 1984), cat (Wassle and Illing, 1980) and opossum 
(Volchan et~' 1982). It will be noted that the cat 
utilizes the decussation and mapping pattern of Strategy 2 
to map to its dLGN but of Strategy 3 to map to its SC. 
In the rodents, rat and hamster, anatomical techniques 
have revealed a small or sparse ipsilateral projection 
which terminates in discrete clusters within the stratum 
opticum or stratum griseum superficiale, across the medial 
to lateral extent of the SC (Cowey and Perry, 1979; Lund et 
al., 1980; Frost et~' 1979). The projection is 
distributed rostrally in the nucleus (Lund et al., 1980; 
Frost et~' 1979), though it is not always seen at the 
extreme rostral margin (Frost et~' 1979). In the 
marsupial opossum, the ipsilateral projection is also small 
and distributed in patches, but within the stratum zonale 
and extending into the 
(Volchan et al., 1982). 
the middle part of the 
extent (Volchan et~' 
stratum griseum superficiale 
The labeled terminals are seen in 
SC, along its rostral to caudal 
1982) . The terminals are also 
patchily distributed in the SC of the cat but the 
projection, mostly confined to the intermediate part of the 
stratum griseum superficiale, is more substantial (Harting 
and Guillery, 
the ganglion 
ipsilateral SC 
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1976). It is estimated that one quarter of 
cells in temporal retina, project to the 
(Wassle and Illing, 1980). Once again, no 
terminals are labeled at the rostral pole of the nucleus 
(Harting and Guillery, 1976), the projection being 
distributed in a region behind the rostral pole (Wassle and 
Illing, 1980). 
Retrograde tracers have been injected into the SC of 
experimental animals, in order to establish the retinal 
source of the ipsilateral projection. In the rodents, 
retinal ganglion cells have been labeled in lower temporal 
retina (Lund et ---9d...!.., 1980; Insausti et al., 1984) or 
peripheral temporal retina (Cowey and Perry, 1979). The 
projection also arises in peripheral temporal retina in the 
opossum (Mendez-Otero et al., 1980). In line with the more 
substantial ipsilateral projection found in the SC of the 
cat, ganglion cells throughout the temporal retina are 
labeled, in this animal (Wassle and Illing, 1980). 
In the hamster, labelling of the two SC 
differentially, has shown that within the retinal region 
from which the ipsilateral projection arises, there is a 
population of ganglion cells whose axons bifurcate in the 
chiasm and project to both SC (Insausti et al., 1984; Hsiao 
et ---9d...!.., 1984). This has also been shown in rat and it was 
originally suggested that projections coursing 
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ipsilaterally beyond the optic chiasm, might be very 
largely comprised of collaterals of contralaterally 
projecting axons (Cunningham and Freeman, 1977). However, 
Jeffrey et al., (1981) have double labeled temporal retina 
ganglion cells by injecting both LGN in the rat and they 
argue that only about 1% of the cells project axons which 
bifurcate through the optic chiasm. In the hamster, 
bifurcating projections from retinal ganglion cells 
comprise less than 1% of the total ipsilateral projection 
(Hsiao et al., 1984). In the cat, no retinal ganglion cells 
have been found to project bilaterally through the optic 
chiasm (Illing, 1980). 
The orientation of the retinal map on the 
contralateral SC has been determined by physiological 
experiments in the rat (Siminoff et al., 1966), hamster 
(Tiao and Blakemore, 1976a}, cat (Feldon et al., 1970) and 
opossum (Volchan et~' 1982). The orientation is 
essentially the same as that found in sub-mammalian 
vertebrates (with the exception of Iguana iguana as 
mentioned previously) and in the SC of the primates. The 
central field maps rostrally in the SC, and the peripheral 
field maps caudally. The superior visual field maps across 
the medial SC and the inferior field maps across lateral 
SC. The ipsilateral projection found in the rat 
anatomically, could not be found by electrophysiology 
(Siminoff et~' 1966). 
36. 
The projection of the retina on to the SC in the rat 
is fairly uniform and does not give evidence of retinal 
specialization (Siminoff et~' 1966). However, Fukuda 
(1977) prepared and examined wholemounts of retinae and he 
describes a central region of highest ganglion cell density 
slightly temporal and superior to the optic disc. In this 
region, the ganglion cell density is three times that of 
peripheral 
three sizes 
retina. In the retina of the rat, there are 
cells and three groups of optic of ganglion 
axons can be identified according to average velocities 
(Fukuda, 1977). The SC is innervated by three types of 
fibres with similar velocities (Sumitomo et al., 1969), 
which suggests 
projects axons 
that each type of retinal ganglion cells 
to the SC (Fukuda, 1977). Only the medium 
and large size cells increase in density in the central 
region (Fukuda, 1977). Since the retinotectal projections 
map uniformly, it may be that the cells which represent the 
increase, project to other centres in the brain, such as 
the dLGN and it will be noted (below), that the central 
region of highest ganglion cell density in the retina of 
the rat, does receive an enlarged representation in the 
dLGN. However, Linden and Perry (1983) argue that 
virtually all of the ganglion cells which project 
contralaterally in the rat, send axons to the SC. If this 
is the case, it casts doubt upon the accuracy of the map by 
Siminoff et al., (1966). In the hamster, there is a region 
of highest ganglion cell density, in this case termed the 
area centralis, directly temporal to the optic disc (Tiao 
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and Blakemore, 1976b). The ratio of ganglion cell density 
in the area centralis to that in peripheral retina, is 
approximately 5:1 (Tiao and Blakemore, 1976b). The linear 
magnification factor for the projection of the retina on to 
the dLGN is reported to be almost uniform, with perhaps a 
slight increase in the region of the area centralis (Tiao 
and Blakemore, 1976a). The map of the visual field 
representation on the SC does however, show that the region 
of the area centralis receives an enlarged representation 
(Tiao and Blakemore, 1976a). 
The cat has a well developed area centralis, about 
which the isodensity lines are concentrically organized, in 
conjunction with a visual streak across the naso-temporal 
axis of the retina (Hughes, 1971). There is a concomitant 
expansion in the area of SC accorded to retinal 
projections, from the region of the area centralis (Feldon 
et~' 1970; Sterling and Wickelgren, 1969). The opossum 
retina has an area centralis temporal and slightly superior 
to the optic disc (Hokoc and Oswaldo-Cruz, 1979). The 
ganglion cell density falls off more sharply from the area 
centralis across temporal retina, as compared to nasal 
retina (Hokoc and Oswaldo-Cruz, 1979). The retinotopic map 
of Volchan et al., (1982) shows that the region of the area 
centralis receives an enlarged representation in the SC. 
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Dorsal lateral geniculate nucleus. An example of an 
animal which uses the decussation and mapping pattern of 
Strategy 3, is found in the rat. The retina maps in its 
entirety to the contralateral dLGN (Lund et al., 1974) and 
there 
retina 
Reese 
is, in addition, 
which projects 
and Cowey, 1983). 
a projection from lower temporal 
ipsilaterally (Lund et al., 1974; 
This projection terminates almost 
entirely within the rostral three quarters of the nucleus 
and lies medially (Reese and Cowey, 1983). As already 
mentioned, the dLGN appears to be primitive with respect to 
lamination (Hayhow et al., 1962; Sefton and Dreher, 1985). 
However, input from the two eyes is segregated, though it 
cannot be said as a result of this anatomical study, 
whether segregation is complete (Reese and Cowey, 1983). 
The ipsilateral projection to the dLGN is topographically 
organized, in the same orientation as the contralateral 
projection (Reese and Cowey, 1983; Reese and Jeffery, 
1983). Projection lines in the binocular segment of the 
dLGN have been demonstrated electrophysiologically by Reese 
and Jeffery (1983) and their proposal that the input from 
the two eyes is in register in the binocular segment of the 
dLGN, is supported by the anatomical work of Reese and 
Cowey (1983). They injected tritiated praline into one 
eye. After five days, they made single iontophoretic 
injections of HRP into either the monocular or binocular 
visual cortex, at the point where a response was evoked 
when the uninjected eye was light stimulated. Subsequently, 
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when the dLGN was examined, it was found that only 
injections which had been made in the binocular visual 
cortex, revealed projection lines passing through the 
radioactively labeled segment of the dLGN. 
The retinotopic map on the dLGN is such that the 
peripheral visual field, recorded by nasal retina, is 
represented rostrally in the dLGN. The superior visual 
field, mapped by the inferior retina, is projected dorsally 
in the dLGN. The nasal visual field (to which the region 
of highest ganglion cell density in the retina 
corresponds), projects to an enlarged portion of the dLGN 
(Lund et al., 1974), being represented through most of the 
the dLGN in its rostrocaudal extent (Reese and Jeffery, 
1983). This is in contrast to the uniform mapping of the 
retinocollicular projections in the rat, discussed above. 
The rabbit also uses Strategy 3. The whole of the 
retina appears to project to the contralateral dLGN 
(Holcombe and Guillery, 1984). An ipsilateral projection 
to the dLGN, rises in temporal retina (Giolli and Guthrie, 
1969). The dLGN has an alpha and beta segment. The beta 
segment lies rostro-medially in the nucleus, among the 
fibres of the optic radiation and its place 
physiologically, in relation to the alpha segment, is 
unclear (Holcombe and Guillery, 1984), though some features 
allow it to be compared to the perigeniculate nucleus in 
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the cat. It may receive a small projection from the retina 
(Takahashi et al., 1977). Cytoarchitectural lamination is 
evident in the alpha segment of the dLGN (Holcombe and 
Guillery, 1984). Contralateral retinal afferents project 
into two morphologically different laminae and a small 
region which receives ipsilateral afferents lies between 
them (Holcombe and Guillery, 1984). The input from the two 
eyes 
in the 
is in register. This has been shown by degeneration 
dLGN following cortical lesions (Rose and Malis, 
and by electrophysiology (Hughes, 1971). 1965) 
The orientation of the map of the retinal projection 
on to the dLGN is such that the peripheral visual field, 
mapped to the nasal retina, is projected rostrally in the 
nucleus, while central visual field, mapped to the temporal 
retina maps through caudal dLGN. The superior field 
(ventral retina) maps to the dorsal part of the dLGN and 
the inferior field (dorsal retina) maps ventrally in the 
nucleus (Holcombe and Guillery, 1984). There is an 
extensive representation in the dLGN, of the region of 
highest ganglion cell density in the retina, the visual 
streak (Hughes, 1971). The isodensity map shows the streak 
bounded by a virtually parallel array of lines across the 
naso-temporal axis (Hughes, 1971). Although the rabbit 
retina does not have a distinct area centralis formation, 
the number of large ganglion cells peaks, in the expected 
area centralis region of the retina (Provis, 1979). 
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Summary. The main features of the three decussation 
and mapping strategies advanced by Lund (1978), will be 
listed. 
Strategy 1. Main features. (Fig. 1). 
1. The animal has lateral eyes. 
2. Each eye views one half of the total visual field, when 
there is no central field overlap. However, when there 
is overlap, each eye views one half of the total visual 
field plus the half of the region of overlap which 
extends beyond the vertical meridian. 
3. The whole retina projects contralaterally. 
4. There is complete decussation of axons at the optic 
chiasm. 
5. Even if there is overlap of the visual fields 
centrally, all axons project contralaterally. 
6. Therefore, the tectum receives a map of one half of the 
total visual field when there is no central field 
overlap. However, when there is overlap, the tectum 
receives a map of one half of the total visual field 
plus a map of the half of the overlap region which 
extends beyond the vertical meridian. 
This strategy is characteristic for the mapping of 
both the tectum and dLGN of birds. The minor nature of the 
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projection to the ipsilateral tectum in some fishes, 
suggests that they may in essence be using Strategy 1. rt 
also seems likely that it is used for mapping the tectum by 
at least some amphibians and possibly by some reptiles. At 
least some species in these classes, however, may use 
strategy 3. No mammal has been found to use Strategy 1. 
strategy 2. Main features. (Fig. 3). 
1. The animal has frontal eyes. 
2. The nasal retina views a hemifield, from the zero 
vertical meridian to the far peripheral field. 
3. The temporal retina of the other eye views the same 
hemifield with the exception of the far peripheral field. 
4. Each nasal retina projects contralaterally and each 
temporal retina projects ipsilaterally. 
5. Therefore, there is partial decussation of axons in the 
chiasm. 
6. The most nasal part of the retina projects its recording 
of the monocular field to a monocular segment in the 
contralateral visual centre. 
7. The SC or dLGN receive representation of the 
contralateral hemifield. 
This strategy is used by the primates and megabats for 
mapping the SC and by the primates and carnivores for 
mapping the dLGN. 
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Strategy 3. Main features. (Fig. 4). 
1. The eyes may be either lateral or frontal. 
2. The retina views a visual field which extends from 
beyond the zero vertical meridian to the far periphery. 
3. The whole of the retina sends axons contralaterally to 
the visual centres. 
4. In addition, ganglion cells in temporal retina send 
projections to the ipsilateral visual centres. 
5. Decussation is therefore partial in the chiasm. 
6. Nasal retina, which projects only contralaterally, 
subserves a monocular segment in the visual centres. 
7. The SC or dLGN receive a representation of the 
contralateral hemifield, plus the region beyond the zero 
vertical meridian of the field, viewed by the temporal 
retina. 
Apart from the megabats and primates, this strategy is 
employed by all mammals so far tested, to map retinal axons 
to the SC. The rat and the rabbit are examples of animals 
that use this strategy to map retina to dLGN. 
The retinal projection which courses ipsilaterally, is 
the essence of the partial decussation in the chiasm and 
facilitates the binocular functions of the eyes. In the 
dLGN, ipsilateral input is segregated from the 
contralateral input into laminae or regions. The input is 
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organized along projection lines and mediates binocular 
vision. In the tectum of fishes and amphibians, a sparse 
ipsilateral projection has been identified only by the 
cobaltous lysine technique and in reptiles the presence of 
a projection is variable between species. In the megabats 
and primates who use Strategy 2, temporal retina projects 
ipsilaterally. This projection, in primates, terminates in 
deeper layers of the SC than the contralateral projection. 
In the animals utilizing Strategy 3, the ipsilateral 
projection terminates in clusters or patches across the 
medial to lateral extent of the SC and within the upper 
layers. It is not found at the rostral pole of the SC but 
extends from behind this region through to the middle of 
the nucleus. The projection arises in lower or peripheral 
temporal retina in the rodents and the opossum and is 
sparse, whereas it arises from the whole of the temporal 
retina in the cat and accordingly is a more substantial 
projection. 
Across the classes of vertebrates, the orientation of 
the topographical maps produced by the retinotectal and 
retinocollicular projections is similar, apart from the map 
reported for Iguana iguana (Stein and Gaither, 1981), which 
is 90° out of alignment with the general pattern. This 
does not appear to be due to any fault in experimental 
technique, nor to any peculiar adaptation of Iguana 
iguana. 
I -
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In all mammals, the retinal projections to the dLGN 
are laid down in the same order in the nucleus. However, 
the orientation of the projection map with respect to the 
orientation of the nucleus varies. For animals using 
Strategy 2, there are variations both between the primate 
and carnivore classes and between the species of 
carnivores. In contrast, the projection maps of animals 
using Strategy 3 are alike in their orientation in the 
dLGN. Furthermore, the orientation is different from any 
of those reported for species utilizing Strategy 2. 
Specialized regions of high ganglion cell density in 
retinae receive an enlarged representation on the tectum in 
amphibians, reptiles and birds. In fishes, there is no 
retinal specialization and therefore retinotectal 
projections map uniformly on the tectum. In mammals, the 
specialized regions of the retina receive an enlarged 
representation in both the SC and dLGN, with the exception 
of the rat, in which the retinal projection to the SC has 
been reported to be uniform, even though retinal 
specialization is present. 
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What o f the Australian Marsupial? 
There are three major groups of living mammals today, 
the monotremes, the marsupials and the placentals, 
all descended from ancient Therapsida (Romer, 1977). Fossil 
records date the appearance of the monotremes from the late 
Tertiary period and the marsupials and placentals from the 
earlier Cretaceous period (Tyndale-Biscoe, 1973; Romer, 
1977) . These three groups have been genetically separate 
then, for more than 100 million years and yet in that time, 
the marsupials and placentals in particular, have evolved 
many and various anatomical and physiological adaptations 
of remarkable similarity (Tyndale-Biscoe, 1973). 
Although the origin of the Australian marsupials is 
still open to debate, it is certain that they have been 
geographically separated from the American marsupials for 
many millions of years (Tyndale-Biscoe, 1973). Today, the 
infraclass Marsupialia is comprised of three families of 
opossums and marmosas in the Americas and sixteen rather 
more diverse families, in Australia. These include 
wombats, native cats, marsupial mice, bandicoots, 
phalangers and the Tasmanian devil, as well as the animals 
perhaps most commonly thought of as marsupials, the koalas, 
kangaroos and wallabies. The kangaroos and wallabies 
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comprise some 56 species (Kirsch and Callaby, 1977). 
One species of wallaby, the tammar (Macropus eugenii), 
is found in the southwest of Western Australia and on 
several of its coastal islands. It is prolific on Kangaroo 
Island in South Australia (Sanderson et al., 1984). The 
young are exceedingly immature at birth and are suckled and 
raised to a level of independence in the marsupium or 
pouch, over a period of about eight months. By 
autoradiography, it has been determined that the SC and 
dLGN are innervated in the adult pattern by 72 days 
postnatal, well before the eyes are opened at approximately 
140 days postnatal (Wye-Dvorak, 1984). 
In the SC of the adult tammar, axons from the 
contralateral eye enter in the stratum opticum and project 
upwards to terminate in the stratum griseum superficiale 
(Wye-Dvorak, 1984) and the projection extends from the 
rostral to the caudal pole of the SC. Projections from 
the ipsilateral eye terminate in clusters in the cell layer 
below the stratum opticum, the stratum griseum intermediale 
and this projection lies in the rostral half of the SC 
(Wye-Dvorak, 1984). 
In the dLGN, there are four cytoarchitecturally 
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distinct laminae (Sanderson et~' 1984; Wye-Dvorak, 
1985). These comprise three cellular laminae in the alpha 
segment of the nucleus next to the optic tract and one 
lamina in the beta segment. In the caudal binocular 
segment of the nucleus the outermost alpha o lamina 
receives input from the contralateral eye, as do the 
other three cellular laminae. However, within these 
three laminae there are sub-laminae (defined by input), 
which are segregated regions receiving projections from the 
ipsilateral eye, (Sanderson et~' 1984; Wye-Dvorak, 
1985). Alpha 1 lamina receives a small ipsilateral 
projection in its dorso-lateral region, while in both the 
alpha 2 and beta laminae, there are two sub-laminae 
receiving ipsilateral input, either side of the larger 
contralateral input. Thus, in the binocular segment of the 
dLGN, retinal afferents from the ipsilateral eye terminate 
in five sub-laminae, while afferents from the contralateral 
eye terminate in 
rostrally in the 
four laminae. A monocular segment lies 
dLGN (Sanderson et al., 1984). Retinal 
afferents from the contralateral eye project into the three 
alpha laminae in this segment (Sanderson et al., 1984; Wye-
Dvorak, 1985). 
An electrophysiological study of the topography of 
retinal projections to the dLGN of the tammar, was carried 
out by Wye-Dvorak, (1985). This is the only reported 
topographical study of retinal projections in an Australian 
marsupial. 
caudally 
rostrally. 
and the 
The dLGN 
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It was found that the central visual field maps 
in the nucleus, while the peripheral field maps 
The inferior visual field maps to ventral dLGN 
superior field maps dorsally (Wye-Dvorak, 1985). 
receives a map of the whole of the contralateral 
visual field, as well as a representation of the binocular 
field via the ipsilateral eye (Wye-Dvorak 1985). 
This appears to qualify the animal for inclusion among 
those animals which use Strategy 3 to map retinal 
projections to the dLGN. 
so. 
Conclusion. 
Among the mammals, a diversity of strategies is 
employed to map retinal projections to the SC and dLGN. No 
mammals use Strategy 1. The primates use Strategy 2 for 
mapping to both the SC and dLGN, whereas the cat uses 
Strategy 2 to map its dLGN but Strategy 3 to map its SC. 
Another 
dLGN, 
Other 
carnivore, the ferret, uses Strategy 2 to map its 
while the megabat uses this Strategy to map its SC. 
mammals use Strategy 3 to map either the SC or dLGN 
or to map both nuclei. The South American marsupial, the 
opossum, uses Strategy 3 to map retinal projections to its 
SC. 
Marsupials represent an important radiation in the 
mammalian family tree and as such are intrinsically 
interesting 
within 
groups 
How do 
the 
long 
the 
marsupials, 
and worthy of study, 
marsupial 
separated 
mapping 
infraclass, 
as are comparisons 
particularly between 
in time and by distance. 
strategies employed by the 
as represented by the tammar, compare with 
those used by the placental mammals? The very diversity of 
strategies which the placentals use make this an intriguing 
question, especially in view of the multi-layered and 
highly laminated characteristics of the tammar SC and dLGN, 
which show remarkable similarity, in these respects, to 
those structures in the primates and the cat. 
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Aims of the experiment. 
The aim of the present study was to derive by 
anatomical means, a topographical map of the retinal 
projections to both the SC and the dLGN of the tammar and 
thus to establish which strategy or strategies of 
decussation and mapping are used by this marsupial. An 
extension of the aim, was to compare the map obtained for 
the dLGN, with that determined by electrophysiology for the 
tammar and to compare the map obtained for the dLGN with 
that reported for the marsupial opossum. It was the 
intention also to compare and contrast the results of the 
study with those topographical studies carried out on the 
retinal projections of other vertebrates, and in particular 
of the placental mammals. 
MATERIALS AND METHODS. 
A breeding colony of tammars (Macropus eugenii) has 
been established on campus at the Australian National 
University. During the course of this research, male 
and female pouch young, aged between 111-160 days, were 
examined. Ages were estimated from tables which list the 
mean head length of animals of known age. (These tables 
were prepared by W. E. Poole and may be obtained from the 
Division of Wildlife and Rangelands Research, C.S.I.R.O., 
Gungahlin, A.C.T., Australia.) The basic data regarding 
the experimental animals is presented in Table 1. 
Two of the experimental animals, one male and one 
female, were used as controls for the experiment. Their 
retinae were not lesioned but in all other respects there 
was adherence to the experimental procedure as described. 
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Two younger animals, one aged 77 days and another aged 
93 days, were additions to the experiment. A laser lesion 
was made in the naso-dorsal quadrant of one retina in each 
animal, they were given an intraocular injection of HRP and 
they were treated according to the experimental protocol 
described below. These animals were included in the 
experiment so that filling defects in the HRP terminal 
label within the SC and dLGN, resulting from the laser 
TABLE 1. BASIC DATA REGARDING EXPERIMENTAL ANIMALS. 
The sex, age and weight of the animals is given and whether the eyes 
were open when the laser was applied and the HRP injection was 
given. The position of each lesion in the retina is listed. The 
ten animals from which experimental data will be presented, are 
indicated (e.g. W120). 
Lesion 
Number 
1 
2 (Wl20) 
3 (Wl29) 
4 
5 
6 (Wl32) 
7 
8 (Wl30) 
9 (Wll9) 
10 (W125) 
11 
12 (W66) 
13 (Wl23) 
14 
15 
16 
17 
18 
19 (W126) 
20 
21 (W128) 
22 
23 
24 
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BASIC DATA REGARDING EXPERIMENTAL ANIMALS. 
Sex 
F 
M 
M 
F 
F 
M 
F 
M 
F 
F 
M 
M 
F 
M 
M 
F 
M 
M 
M 
M 
F 
M 
F 
M 
Age 
(days) 
156 
119 
119 
140 
128 
121 
129 
156 
111 
160 
127 
117 
111 
127 
122 
156 
113 
118 
143 
117 
137 
135 
118 
152 
Weight 
(g) 
230 
95 
97 
147 
115 
100 
125 
186 
90 
180 
112 
100 
83 
112 
105 
230 
95 
96 
170 
100 
153 
133 
90 
190 
Eyes 
open? 
Yes 
No 
No 
Yes 
No 
No 
No 
Yes 
No 
Yes 
No 
No 
No 
No 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
No 
Yes 
Retinal position 
of laser lesion. 
temporo-dorsal 
" " 
" " 
" 
II 
" 
II 
" " 
" " 
temporal 
temporo-ventral 
temporo-ventral 
mid-retina 
naso-ventral 
" " 
" " 
" " 
" " 
II 
" 
" 
II 
II II 
" " 
dorsal 
naso-dorsal 
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lesions, could be compared between the two animals and with 
the older animals used in the topographical study. 
Overview of method. 
Each animal was anaesthetized and one retina was 
lesioned with a laser beam. This was followed immediately 
by an injection of horseradish peroxidase (HRP) into the 
vitreal chamber of the same eye. After a period of time 
sufficient for uptake of the HRP by retinal ganglion cells 
and its transport to axon terminals in the dLGN and SC, the 
animals were deeply anaesthetized and perfused through the 
heart. Following fixation and adequate cryoprotection of 
the tissue, retinal wholemounts were made and the brain was 
sectioned coronally into three series. Two series were 
processed for HRP (by the method of Mesulam, 1982) and one 
of these was counterstained. The third series was 
counterstained only. The preparations were examined by 
light microscopy and camera lucida drawings of the SC and 
dLGN were made. These showed the HRP axonal and terminal 
label and filling defects in the label resulting from the 
laser lesions. The method is illustrated in the 
accompanying flow chart (Fig. 5). 
Animal anaesthetized (l) 
Retina lesioned(Z) 
HRP injected intraocularly( 3 ) 
28-30 later 
Animal anaesthetized (4) 
and perfused (5) 
Tissue treated by fixation( 6) 
and cryoprotection (?) 
Eyes placed in 10% Brain placed in phosphate buffer/ 
sucrose solution, overnight at 
4oc. (10) 
formol saline, 
overnight CB) 
Retinal wholemounts Brain cut into three series 
prepared(9) of 40~m coronal sections, 
by f . . (11) reez1ng microtome 
' Series A and B processed for 
HRP(lZ) 
counterstained(l 3) Series A and C 
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FIGURE 5. FLOW CHART OF EXPERIMENTAL METHOD. Details of the 
individual procedures are given in the text, in an order that 
corresponds to the numbers shown in brackets. 
Details of materials and method. 
(Bracketed numbers correspond to those 
on the flow chart, Fig. 5.) 
(1) Each animal was anaesthetized with intramuscular 
injections of 
(i) Ketamine (cyclohexylamine), Parke Davis Pty. 
Ltd., 100 mg per ml, diluted to 20 mg per ml 
with 0.154 M sodium chloride and given at a 
dosage of 30 mg/kg body weight and 
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(ii) Rompun (active constituent xylazine), Bayer 
Aust. Ltd., 20 mg per ml, diluted to 2 mg per ml 
with 0.154 M sodium chloride and given at a 
dosage of 2 mg/kg body weight. 
(2) In those animals in which eye opening had not already 
occurred, the fused eyelids of one eye were separated 
surgically and the retina was lesioned with a laser beam 
delivered through the pupil. The animal's head was 
positioned to give the desired placement of the lesion. An 
Hadron Model 513 Ruby-pulse Biolaser with a wavelength of 
694 nm and a pulse length of 250 microseconds was used. 
The power input was 200 J. The output energy was not 
measured. 
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(3) A glass micropipette was used to penetrate the cornea 
and to release a little of the vitreous. HRP (Sigma 
Type Vl 2.5 mg in 7 ?l of distilled water) was 
injected into the vitreal chamber of the eye. The 
injection was made at the temporal side of the eye 
through the cornea, adjacent to its junction with the 
sclera. 
(4) Post-operatively, the animal was maintained in an 
artificial pouch, within a humid incubator, set to 
maintain an ambient temperature of 37° c. After 28-30 
hours, an overdose of Nembutal (sodium pentobarbital), 
Abbott Laboratories Ltd., 36 mg of a 60 mg per ml 
solution, was given by intraperitoneal injection. 
(5) When the animal was deeply anaesthetized but before 
the heart had arrested, the perfusion procedure was 
commenced. The animal's chest was opened. Sodium 
nitrite 1% x 0.3 ml and heparin 1-1000 x 0.2 ml were 
injected into the left ventricle of the heart. 
(Sodium nitrite was given for its vasodilator effects 
and heparin for its anticoagulant properties). The 
ascending aorta was cannulated and the descending 
aorta was clamped. The right atrium was cut and the 
animal was perfused with 70 ml of O.l M sodium 
phosphate buffer, pH 7.3. 
-r 
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(6) 400 ml of a 1% paraformaldehyde / 1.25% glutaraldehyde 
in 0.1 M sodium phosphate buffer fixative solution was 
perfused over the next 30 minutes. Half of the 
solution was given during the first five minutes of 
the perfusion. 
(7) 400 ml of a 0.1 M sodium phosphate buffer, pH 7.3, in 
which 40g of sucrose had been dissolved, was perfused 
to remove unbound fixative and for cryoprotection. 
Half of the solution was perfused over 8-10 minutes 
and the remainder of the solution was perfused by 30 
minutes. 
(8) The eyes were removed. A cruciform incision was made 
across and through each cornea to facilitate post 
fixation of the retina, which was carried out by 
immersion of the eyes in a formol saline solution (10 
ml of a 40% formaldehyde solution plus 90 ml of 0.154 
M sodium chloride), overnight and at room temperature. 
(9) Retinal wholemounts were prepared as follows:-
The cornea, lens and as much vitreous as 
possible, were removed from the eyecup. The retina 
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was cut radially and flattened onto a 5% gelatinized 
glass slide from a solution of 0.154 M sodium 
chloride. Adherent vitreal matter was removed. A 
camera lucida drawing was made at this stage of the 
preparation, marking the position of the laser lesion. 
Formol alcohol (10 ml of a 40% formaldehyde 
solution plus 90 ml of 100% alcohol) was prepared. A 
little of the solution was pipetted onto the retina. 
Filter paper, hardened speed 50, was dipped in the 
solution and placed over the retina and this was 
topped by a piece of qualitative speed 2 filter paper, 
similarly wetted. An unsubbed glass slide and a 100 g 
weight completed the sandwich, which was submerged in 
the formol alcohol solution for 2 hours (Wong, 1985; 
and personal communication). 
The preparation was rehydrated by 30 sec 
immersions in 70% and 50% alcohols and distilled 
water, prior to staining with cresyl violet 0.25% for 
20 minutes. The retina was dehydrated through a 
series of alcohols - 50%, 70% and 90% - for 30 sec 
each and through two solutions of 100% alcohol for 2 
min each. The retina was then immersed in two 
solutions of xylene for 2 min each and cover slipped 
with Depex. 
(10) The brain was dissected out of the skull and further 
cryoprotected by immersion in 150 ml 0.1 M sodium 
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phosphate buffer, pH 7.3, in which 30 g sucrose had 
been dissolved. The brain was kept overnight in this 
solution, at 4° c. 
(11) The brain stem was removed, the cortices were partly 
cut away and overlying pia mater was removed. (A 
specimen prepared in this way is shown in Figure 6.) 
Frozen sections were cut from the level of the optic 
chiasm to the caudal end of the SC. Three series of 40 
um sections were collected into the wells of perspex 
trays. (These trays were made by first drilling holes 
through a sheet of perspex. Chloroform was then 
applied to one side of the perspex, to make it sticky 
and a piece of fine terylene netting was stretched 
across and made adherent to the perspex. Small pieces 
of perspex were stuck upright at each end of a tray, 
to act as handles.) 
(12) Series A and B were collected into 0.1 M sodium 
phosphate buffer, pH 7.2 - 7.4 and briefly kept at 
4° c in a change of this buffer, until being processed 
for HRP by the tetramethylbenzidine (TMB) method 
(Mesulam, 1982) as follows:-
(i) Rinse. The sections were rinsed for 10-15 sec in 
each of six changes of distilled water, at room 
temperature. 
Anterior 
Inferior 
colliculi 
Superior 
colliculi 
Thalamus 
FIGURE 6. A DORSAL VIEW OF THE BRAIN PREPARED FOR SECTIONING. 
The cortices have been removed. Labels to the side indicate 
the various structures. The dorsal lateral geniculate nuclei 
are situated at either side of the thalamus (left dLGN arrowed) . 
Scale bar= 3mm . 
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(ii) Pre-reaction step. 15 mg of TMB was dissolved 
in 7.5 ml of 100% alcohol by slight warming. 
300 mg of sodium nitroferricyanide was 
dissolved in 15 ml of acetate buffer, pH. 3.3 
(formula given in (iv) below) and 277.5 ml of 
distilled water. The two solutions were mixed 
in the reaction dish and the sections were 
immersed immediately. They were incubated at 
room temperature for 20 minutes. 
(iii) Enzymatic reation. The sections were lifted 
from the reaction solution while 3 ml of a 0.3 % 
solution of hydrogen peroxide was added. The 
sections were then replaced and the enzymatic 
reaction proceeded. The HRP label was usually 
apparent on the sections, to the naked eye, 
within five minutes. However, if it was 
necessary, further hydrogen peroxide was added. 
(iv) Post-reaction rinse. The sections were rinsed 
in six changes of acetate buffer, pH 3.3 (5 
parts buffer stock to 95 parts distilled 
water), over 30 minutes and at 4° c. 
The buffer stock was prepared by mixing 200 ml 
1.0 M sodium acetate and 200 ml of distilled 
water, adding 190 ml of 1.0 M hydrochloric acid 
and making up the volume to 1000 ml with 
distilled water. The pH was corrected to 3.3 
with concentrated acetic acid or sodium 
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hydroxide, if necessary. 
The sections were stored in the diluted buffer 
solution at 4° c until they were mounted. This 
storage time could be extended to several hours 
without there being a deleterious effect upon 
the intensity of the HRP label. 
(v) Mounting of sections. The sections were mounted 
from the storage solution to glass slides which 
had previously been subbed with gelatine. The 
sections were then air dried overnight. 
(13) Counterstaining. Series A sections, which had been 
processed for HRP, were stained with 0.025% thionin in 
acetate buffer, pH 3.7 for 3-4 min and dehydrated by 
immersion for 10 sec each in 0.2 M acetate buffer, pH 
3.3, 70% and 95% alcohols diluted from 100% alcohol 
with the same buffer and two changes of 100% alcohol. 
The sections were taken through two changes of xylene 
for 3 min each and briefly through a third xylene 
solution, before being cover slipped with Depex. 
Series B sections, which had been processed for 
HRP, were left unstained. They were dehydrated as 
described above, before being cover slipped. Series C 
sections, which were not processed for HRP, were 
stained with 0.025% thionin for 10 min and dehydrated 
as described above, prior to cover slipping. 
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Preparation of drawings. 
Camera lucida drawings were made of alternate sections 
of series B, marking in the regions of HRP label. Series A 
or C, the stained sections, were used to draw in the 
borders of the dLGN and SC. Camera lucida drawings were 
also made of the retinal wholemounts. 
Drawings have been prepared for the presentation of 
topographical results. These comprise a camera lucida 
drawing of a lesioned retinal wholemount, together with a 
reconstruction of the corresponding SC or dLGN, in which 
the terminal defects produced by the lesion are shown. The 
drawings of the SC and dLGN were compiled by aligning and 
tracing every second camera lucida drawing of series B 
sections. 
Preparation of a composite retina. 
The various lesions were made in different regions of 
the retina, around the optic disc. In order to show the 
extent of this sampling, a diagrammatic composite retina 
has been prepared for presentation in the results section. 
The position and size of the lesions have been scaled into 
a circle, 15 cm in diameter. The method by which this was 
done will now be described. 
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A circular protractor was positioned over the camera 
lucida drawings of each lesioned retina in such a way that 
the retina was evenly covered and the centre point of the 
protractor marked the centre point of the retina (Fig. 7, 
arrowed). The retinal centre point lies within the visual 
streak (shown in Fig. 8), slightly dorsal to a natural 
landmark, the line of demarcation between the heavily 
pigmented ventral retina and the lightly pigmented dorsal 
retina (see results section, Fig. 9). The demarcation line 
in Fig. 7, is hatched. 
Plotting the position of the optic disc. 
For each retina, the angular displacement of the optic 
disc from the retinal centre point was determined by 
drawing a line from the centre of the optic disc to the 
retinal centre point (Fig. 7, a) and measuring the angle 
this made with a line drawn from the optic disc to a point 
equidistant below the pigment demarcation line (Fig. 7, b). 
The average angle for all retinae was calculated. 
To correct for variations in the size of the retinae, 
the distances of optic disc to centre point (Fig. 7, a) and 
centre point to edge along the same line (Fig. 7, c) were 
measured for all retinae and the average distances were 
FIGURE 7. PREPARATION OF THE COMPOSITE RETINA. A circular 
protractor was positioned over the retina and the centre point of 
the protractor defines the centre point of the retina (arrowed). 
The open circle represents the optic disc. The representation of 
the laser lesion is stippled. The broken line separates the heavily 
pigmented ventral retina from the lightly pigmented dorsal retina. 
The poles of the retina are indicated 
T = temporal; V = ventral; N = nasal; D = dorsal. 
Plotting the position of the optic disc. For each retina, the 
angular displacement of the optic disc from the retinal centre 
point was determined by drawing a line from the centre of the 
optic disc to the retinal centre point (a) and measuring the angle 
this made with ·a line drawn from the optic disc to a point equi-
distant below the pigment demarcation line (b) . The average angle 
for a ll retinae was calculated. 
To correct for variations in the size of the retinae, the 
distances of optic disc to centre point (a ) and centre point to 
edge along the same line (c) were measured for all retinae and 
the average distances were calculated. It was assumed that these 
distances were directly related to each other, so that given the 
radius of the composite retina, the distance of its optic disc 
from the centre point coul~ be calculated. This value and that 
of the mean angle, were used to plot the position of the optic 
disc on the diagrammatic composite retina. 
Plotting the position of the lesions. On the camera lucida 
drawings of each retina, the distances from the optic disc to the 
centre of the lesion (a) and to the edge of the retina along the 
same line, were measured. It was assumed that these distances 
were directly related to each other. On the composite retina, 
the distance from the optic disc to the edge was measured. By 
simple equation, the distance from the optic disc to the lesion 
on the composite retina was calculated. The angular displacement 
of a lesion from the optic disc was de t ermined by measuring the 
angle between a line drawn from the optic disc to the lesion (A) 
and from the optic disc to a point equidistant below the pigment 
demarcation line (B). These values, the distance and angle of 
the lesion from the optic disc, were used to plot the position of 
the lesion on the diagrammatic composite retina. 
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calculated. It was assumed that these distances were 
directly related to each other, so that given the radius of 
the composite retina, the distance of its optic disc from 
the centre point could be calculated. This value and that 
of the mean angle, were used to plot the position of the 
optic disc on the diagrammatic composite retina. 
Plotting the position of the lesions. 
A similar technique was used to place the lesions on 
the composite retina. On the camera lucida drawings, the 
distances from the optic disc to the centre of a lesion 
(Fig. 7, A) and to the edge of the retina along the same 
line, were measured. It was assumed that these distances 
were directly related to each other. On the composite 
retina, the distance from the optic disc to the edge was 
measured. By simple equation, the distance from the optic 
disc to the lesion on the composite retina was calculated. 
The angular displacement of a lesion from the optic disc 
was determined by measuring the angle between a line drawn 
from the optic disc to the lesion (Fig. 7, A) and from the 
optic disc to a point equidistant below the pigment 
demarcation line (Fig. 7, B). These values, the distance 
and angle of the lesion from the optic disc, were used to 
plot the position of the lesion on the diagrammatic 
composite retina. 
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The angular displacement of the lesions was calculated 
with respect to the horizontal pigment demarcation line. 
on the composite retina to be shown in the results section, 
hatched lines have been drawn to indicate that were the 
retina in its realistic hemispheric shape, correction would 
occur towards the dorsal and ventral poles. 
A radial cut made in a retinal wholemount and 
reproduced on the camera lucida drawing, was sometimes in 
the path of calculation lines. To improve the accuracy of 
measurement in such a case, a paper cut-out of that section 
of retina was made and the paper retina was reconstructed, 
before the calculation lines were drawn. 
The size of each lesion, as drawn by camera lucida, 
was adjusted to the size of the diagrammatic composite 
retina. This was done by enlarging or reducing the 
outlines of the lesions with a photocopier and by hand 
drawing. 
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Retinal isodensity map. 
Tancred (1981) has prepared an isodensity map of the 
retina of the tammer (Fig. 8). This shows a region of high 
ganglion cell density, the visual streak, lying 
horizontally across the retina, slightly dorsa l to the 
optic disc. Within the streak, and towards the temporal 
side of the retina, is a discrete region of highest 
ganglion cell density, the area centralis. There is a 20-
fold increase in ganglion cell density from peripheral 
retina to area centralis. In this thesis, when the 
position of a retinal laser lesion is being considered with 
respect to the density of ganglion cells in that region of 
retina, this map will be used as a reference. In a more 
recent investigation, Wong et al (1986) have distinguished 
between ganglion cells and displaced amacrine cells in the 
ganglion cell layer of the tammar retina and they have 
prepared separate isodensity maps. However, the contours 
of the isodensity map of ganglion cell density are similar 
to those of the map by Tancred (1981) and do not invalidate 
the use of her map in this context. 
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FIGURE 8. RETINAL GANGLION CELL ISODENSITY MAP FOR THE 
TAMMAR (after Tancred, 1981). Letters a to f indicate isodensity 
lines each enclosing the area of retina in which ganglion cell 
density is equal to or higher than the value attributed to the line. 
The black spot represents the optic disc. The poles of the retina 
are indicated. T = temporal; V = ventral; N = nasal; D = dors al . 
Scale bar= 5 mm. Note the elongated visual streak across the 
retina naso-temprally, just dorsal to the optic disc. The visual 
streak encloses the area centralis to the temporal side of the optic 
disc. Peak density here is 5600 cells mm2. 
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RESULTS. 
The retina. 
The ventral retina of the tammar is heavily pigmented 
and the demarcation line between this region and the 
lightly pigmented dorsal retina, runs in a naso-temporal 
direction, slightly dorsal to the optic disc (see Fig. 9). 
The optic disc lies towards the temporal side of the 
retina. When the retinal wholemounts were examined there 
was an elongated 
ganglion cell layer. 
region of high cell density in the 
This stretched across the retina in a 
naso-temporal direction. This region of high cell density 
is situated just dorsal to the optic disc and it comprises 
the visual streak, described by Tancred (1981) and Wong et 
al., (1986). Within the visual streak and temporal to the 
optic disc, there was a discrete ovoid region of peak 
ganglion cell density, the area centralis. The ganglion 
cell layer in the area centralis was tightly packed with 
cells relative to the visual streak, even though cell 
density in the streak was very high (Fig. 10). At the edge 
of the visual streak, there is another marked fall-off in 
cell density (Fig. 11). The very low cell density in 
peripheral retina is compared with that of the area 
centralis in Figs. 12 and 13. 
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FIGURE 9 . LOOKING INTO TI-:IE EYECUP OF TI-:IE TAMMAR. The cornea , 
lens and vitreous have been removed. The demarcation line between 
the heavily pigmented ventral retina and the more lightly pigmented 
dorsal retina, runs across the retina in a naso-temporal direction. 
The optic disc is just below this. The laser lesion was made in the 
temporo-dorsal quadrant of the retina. Strands of coagulated blood 
can be seen about the lesion hole. Note the blast zone around the 
lesion hole, where pigment epithelium has been destroyed. D = dorsal; 
T = temporal. Scale bar= 2 mm. 
FIGURE 10. RETINAL GANGLION CELL LAYER showing the area 
centralis to the left and the visual streak to the right (Animal 
Wl26). Retinal wholemount stained with cresyl fast violet. 
FIGURE 11. RETINAL GANGLION CELL LAYER at the edge of the visual 
streak. Visual streak is to the left. (Animal Wl20). Retinal 
wholemount stained with cresyl fast violet. 
Scale bar for both figures= 200 pm-
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FIGURE 12. RETINAL GANGLION CELL LAYER in peripheral retina. 
(Animal Wl26). Retinal whole-mount stained with cresyl fast violet. 
FIGURE 13. RETINAL GANGLION CELL LAYER in the area centralis 
(Animal Wl 26). Retinal whole-mount stained with cresyl fast violet. 
Scale bar for both figures= SO pm. 
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The pattern of retinal innervation in the superior 
colliculus and the dorsal lateral geniculate nucleus. 
Superior colliculus. After unilateral intraocular HRP 
injection and appropriate survival time, the brains of the 
control animals were processed and examined. In the 
contralateral SC, axons entered in the stratum opticum 
layer and projected upwards to terminate in the stratum 
griseum superficiale. HRP terminal label was seen 
throughout the whole of these two layers (Fig. 14). There 
was no label in the narrow surface layer of the stratum 
zonale (Fig. 15). 
There was a smaller projection from the retina to the 
ipsilateral SC (Fig. 14). It was present through the 
rostral half of the SC and in some cases extended to the 
caudal pole. The projection was largely confined to the 
stratum opticum and to the layer beneath it, the stratum 
griseum intermediale, although some axons were seen to 
terminate in the stratum griseum superficiale. The label 
was patchy and therefore the topography of the retinal 
projection to the ipsilateral SC could not be determined by 
the methods which were used in these experiments. Thus, 
the topographical results to be presented here, refer only 
to the retinal projection which courses to the 
contralateral SC. 
FIGURE 14. THE NORMAL SUPERIOR COLLICULUS. Unstained coronal 
sections through the SC of a control animal following a unilateral 
intraocular HRP injection and processing of the tissue according to 
the experimental protocol. The measurements to the side of the 
figure are taken from the rostral pole of the SC. On the contra-
lateral side (to the right), HRP label in the retinal axons and 
tenninals shows that the axons enter in the stratum opticum and 
project upwards into the stratum griseum superficiale. The label 
extends in these two layers, throughout the entire SC. There is 
sparse label in the upper stratum griseum intennediale. On the 
ipsilateral side there is a smaller patchy projection, largely 
confined to the stratum opticum and stratum griseum intermediale. 
At higher magnification, some axons were seen to tenninate in the 
stratum griseum superficiale. In this example, ipsilateral label 
extends through the rostral half of the SC. 
Dark field photography. Scale bar= 1 mm. 
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FIGURE 15. STRATUM ZONALE IN THE SUPERIOR COLLICULUS. 
The stratum zonale (arrowed) is shown to be free of HRP-labeled 
terminals and axons. (Animal W1 29) . Unstained coronal section. 
Scale bar= 100 pm. 
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Dorsal lateral geniculate nucleus. In the control 
animals, when the thalamus was sectioned at the level of 
the binocular segment in the dLGN, laminae in each nucleus 
were found to be labeled with HRP and the complementary 
pattern of the laminar label was apparent (Fig. 16). 
Sections through the whole of each nucleus, revealed the 
extent of the laminated pattern (Fig. 17). The rostral 
part of the dLGN is comprised of the monocular segment. 
This was labeled in the contralateral nucleus but not in 
the ipsilateral nucleus. At 600 µm through the nucleus 
from its rostral pole, the start of the binocular segment 
was indicated by the appearance of label in the ipsilateral 
dLGN and a complementary gap in the label in the 
contralateral dLGN. By 840)lm, the ipsilateral label had 
extended ventrally and the gap in the contralateral label 
had extended in like manner. Five laminae were identified 
in the ipsilateral dLGN and four laminae in the 
contralateral nucleus. 
Was the innervation pattern different after eye opening? 
The experimental animals were aged between 111 and 160 
days. Eye opening in the tammar, occurs at approximately 
140 days. Almost half of the animals used in the 
experiment had their eyes open when collected from the 
pouch (see Table 1, the table of basic animal data). The 
patterns of retinal innervation in the SC and dLGN in these 
animals however, was similar in every respect to those of 
the animals whose eyelids were still fused. For example, 
FIGURE 16. SECTION THROUGH THE THALAMUS. Coronal section 
of the thalamus in a control animal at the level of the 
binocular segment in the bilaterally HRP labeled dLGN. Laminae 
in each nucleus are labeled and the complementary nature of the 
label is apparent. Coronal section stained with thionin. The 
medial terminal nucleus is labeled on the contralateral side 
(arrow). Bar= 2 mm. 
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FIGURE 17. THE NORMAL DORSAL LATERAL GENICULATE NUCLEI. 
Dark field micrographs of unstained coronal sections through the 
dLGN, following injection of HRP into one eye. The retinal 
ganglion cell axon terminals are brightly labeled in each nucleus. 
The laminae of the ipsilateral dLGN are complementary to that of 
the contralateral dLGN. In each photograph, dorsal in the dLGN 
is to the top and lateral is to the outside. The distances of 
sections through the nucleus from its most rostral point, which 
was taken as zero, are shown. The ventral dLGN is apparent 
rostrally (arrowed). Scale bar= 1 mm. 
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animal Wl29 (Fig. 30) had its eyes closed when collected. 
The sections of the SC in this montage may be compared with 
that of Wl28 (Fig. 43) and a control animal (Fig. 14), two 
animals whose eyes were open. (The filling defects 
produced by the laser are ignored in these comparisons.) 
With respect to the innervation pattern of the dLGN, Figure 
47 (Wl20) and Figure 53 (W66) are data from animals whose 
eyes were closed when collected and may be compared with 
data from animals whose eyes were open (Fig. 16, Wl26 and 
Fig. 
Figure 
Figure 
17, a control animal). The rostral dLGN section in 
53 is similar to the section at the 600 µm level of 
17 and a near counterpart for the pattern of the 
ipsilateral label in Figure 16 can be found in Figure 47 
(see sections E and F). 
The nature of the laser lesions. 
Sufficient energy was delivered by the laser to 
produce full-thickness retinal holes. This was a 
consistent finding at the time of eye enucleation. After 
removal of the cornea and lens and on looking down into the 
eyecup, a generally circular area of retina was seen to 
have been destroyed and there was evidence of bleeding, 
strands of coagulated blood, extending into the vitreous 
(Fig. 9). When the retina was dissected from the sclera 
and wholemounted, a hole right through the retina at the 
site of the lesion was apparent (Fig. 18 and see also Fig. 
25). Surrounding the area of destoyed retina, was a region 
FIGURE 18. RETINAL LASER LESION. Micrograph of retinal 
wholemount, showing a laser lesion that is temporal and ventral to 
the optic disc (upper right). The laser has produced a full-
thickness hole through the retina and the hole is surrounded by a 
blast zone where there has been destruction of pigment epithelium 
but not of ganglion cells. At the side of the blast zone, the 
granules in the pigment epithelium had exploded (arrowed). 
(Animal Wl25). 
Scale bar= 1 mm. 
FIGURE 19. DAMAGED PIGMENT EPITHELIUM TO THE SIDE OF THE 
BLAST ZONE. The arrowed region of the blast zone in Fig. 18 at 
higher magnification, showing the granules of pigment epithelium 
that have been ruptured by the laser beam but remain adherent to the 
ganglion cell layer, to the side of the retinal hole (lower left). 
Scale bar= 200 pm. 
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where there had been destruction of the pigment epithelium 
but not of the ganglion cells (Figs. 9 and 18; see also 
Fig. 
in 
25). At 
the pigment 
the side of this blast zone, the granules 
epithelium had explosively ruptured (see 
Figs. 18, 19 and 20). This appearance of the pigment 
epithelium can be compared with that of an unlesioned 
region of the same retina (Fig. 21). 
The different degree of pigmentation on either side of 
the pigment demarcation line did not appear to have 
affected the size or shape of the retinal laser lesions. In 
order to check for any such effect, the mean area of the 
lesions on the heavily pigmented ventral side of the tammar 
retinae was compared with that of the lesions on the dorsal 
side of the retinae. The sizes (mean+ s.e.m.) were 2.56 
+ 0.54 mm2 and 1.86 + 0.37 mm2 respectively. There was 
no significant difference at P ~ 0.05 (Student t. test). 
The sizes of the lesions were also compared with the ages 
of the animals (listed in Table 1, the table of basic 
animal data). There was no relationship of significance 
between the two. 
FIGURE 20. DAMAGED PIGMENT EPITHELIUM. The pigment epithelium 
arrowed in Fig. 18, and to the top right in Fig. 19, shown here at 
higher magnification. The pigment granules have been explosively 
ruptured. 
FIGURE 21. INTACT PIGMENT EPITHELIUM . Micrograph of the pigment 
epithelium from an undamaged part of the same retina. Note the 
regular hexagonal pattern assumed by the pigment granules. (If the 
eye is cast back to Fig. 20 above, the underlying hexagonal pattern 
can still be seen, despite the extent of the damage). 
Scale bar for both micrographs = SO ym. 
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The nature of the terminal defects 
produced by the laser lesions. 
the retina was always lesioned before the 
HRP injection was given, there were no ganglion 
the lesioned area to take up and transport the 
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enzyme to their terminals in the SC and dLGN. As a result, 
filling defects were subsequently seen in the terminal HRP 
label. In the SC, the terminal label extended throughout 
the stratum griseum superficiale, except for the region of 
the filling defect (Fig. 22). The borders of the defect 
were sharply defined and across its base were the lightly 
labeled axons of passage, in the stratum opticum layer of 
the SC. At higher magnification, the defect was seen to be 
devoid of labeled axons and terminals (Fig. 23). The 
appearance of this defect, in an animal aged 93 days was in 
contrast to the appearance of the defect in the SC of an 
animal aged 77 days. In this younger animal, HRP labeled 
axons were seen within the defect and at its borders, which 
were blurred as a result (Fig. 24). 
In addition to the destruction of ganglion cells at 
the site of the laser lesion, ganglion cells peripheral to 
the retinal hole were rendered unable to transport HRP. 
The explanation of this was found in the arrangement of 
ganglion cells and their axons in the retina. Ganglion 
cells were aligned about the optic disc (Figs.25 and 26) . 
FIGURE 22. FILLING DEFECT IN THE SUPERIOR COLLICULUS. 
Unstained coronal section through the SC of an animal aged 
93 days, showing a filling defect in the HRP terminal label 
produced by a retinal laser lesion. The filling defect is 
devoid of label and its borders are sharply defined. Across 
the base of the defect, the lightly labeled axons of passage 
in the stratum opticum layer of the SC can be seen. 
Scale bar= 1 mm. 
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FIGURE 23. FILLING DEFECT IN THE SUPERIOR COLLICULUS. 
The filling defect shown in Fig. 22, at higher magnification. Note 
the sharp borders of the defect and that it is devoid of labeled 
terminals. To either side of the defect, terminals in the stratum 
griseum superficiale are labeled and labeled axons in the stratum 
opticum project across the base of the defect. 
FIGURE 24. FILLING DEFECT IN THE SUPERIOR COLLICULUS. 
The filling defect in an unstained coronal section through the SC 
of an animal aged 77 days. HRP labeled axons and terminals are 
scattered through the defect and at its borders, which are blurred. 
Labeled terminals are seen to each side in the stratum griseum 
superficiale and in axons of passage in the stratum opticum at the 
base of the lesion, as in Fig. 23. The defect in this micrograph 
should be compared with that of Fig. 23. 
Scale bar for both figures= 200 }1m. 
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FIGURE 25. RETINAL LASER LESION. Dark field micrograph of 
retinal wholemount, showing the same laser lesion as Fig. 18. The 
optic disc is to the upper right. (A cut in the wholemount 
preparation is in the lower right of the micrograph.) Note the 
full-thickness retinal hole and the blast zone around it. Retinal 
ganglion cells are aligned radially about the optic disc . 
Scale bar= 1 mm. 
FIGURE 26 . RETINAL GANGLION CELLS ALIGNED TOWARDS THE OPTIC 
DISC. A region of the retina in Fig. 25 shown at higher magnification. 
The lines of cells in the ganglion cell layer are aligned towards the 
optic disc, that is beyond the lower right hand corner of the micro-
graph. 
Scale bar= 200 ym. 
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axons coursing towards the optic disc 
and over these lines of ganglion cells 
In the tammar, 
project between 
(Marotte 1986, personal communication). Thus, when the 
laser beam destroyed a region of cells, it also coagulated 
axons which had been coursing through the area from 
peripheral retina. As a result, a wedge-shaped region of 
inactivated cells, the axons of which were unable to 
transport HRP, extended from the laser lesion to the edge 
of the retina and the evidence of this was provided by the 
filling defects in the SC and dLGN. 
The size and shape of the filling defects in the SC 
and dLGN was determined by the number of ganglion cells 
destroyed by the laser at the site of the lesion and by the 
number of inactivated cells in the wedge-shaped region 
peripheral to the lesion. The density of ganglion cells in 
the affected region of retina was the factor of prime 
importance. Where the lesion and the wedge-shaped area of 
retina peripheral to it, were in a region uncomplicated by 
large changes in ganglion cell density, the wedge-shaped 
area of ganglion cells which did not transport HRP, 
produced a wedge-shaped filling defect in the SC and dLGN. 
For example, in the SC of animal W125 (Fig. 33) the filling 
defect resulting from the retinal lesion was small but as 
it extended rostrally through the SC, the filling defect 
widened in the shape of a wedge, reflecting the wedge of 
inactivated cells 
interpretation of 
peripheral to the retinal lesion. This 
the orientation of the defect in the SC 
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is supported by the topography (described below), which 
showed that the further peripherally ganglion cells in the 
temporo-ventral quadrant 
further rostro-medially 
of the retina were situated, the 
they projected in the SC. In 
another example, the retinal lesion produced a small defect 
in the SC but it widened in a wedge-shape as it extended 
caudally (Fig. 39, W123). This interpretation is also in 
agreement with the topography, since the further naso-
ventrally ganglion cells are situated in the retina, the 
further caudo-medially they project in the SC. When the 
retinal lesion was made in a region of high ganglion cell 
density, the filling defect was large at its beginning and 
remained large as it extended through the nucleus, 
reflecting the continuing high density of ganglion cells 
peripheral to the lesion (see Fig. 31, W130). In this 
example, the defect became smaller at its rostral extreme, 
where the low density of cells in far peripheral retina was 
represented. 
Another 
destroyed was 
factor affecting the number of ganglion cells 
the size of the lesion itself. This 
effect was apparent when lesions of disparate size were 
made in regions of similar ganglion cell density. For 
example, the gap at the beginning of the filling defects in 
the SC of animals W125 (Fig. 33) and W119 (Fig. 35), may be 
compared. The size of the lesion also affected the number 
of cells which were inactivated by the laser, since for 
example, the larger lesions coagulated more axons coursing 
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from peripheral retina. In addition, the position of the 
retinal lesion with respect to the optic disc had an effect 
upon the number of ganglion cells inactivated, since the 
closer a lesion is to the optic disc, the more extensive is 
the wedge of inactivated cells which extend from the lesion 
peripherally. 
Because points in the retina are projected as a line 
in the dLGN, the lesion produces a three-dimensional 
filling defect consisting of many lines of projection, 
representing the points within the wedge-shaped area of 
retina. When the wedge-shaped area passed through a region 
of high ganglion cell density, close to the area centralis, 
the wedge-shape of the filling defect across the laminae 
was obvious, in sections through the dLGN (Fig. 46, Wl20). 
When the wedge-shaped area of retina extended through a 
region of low ganglion cell density, outside the visual 
streak, the filling defect across the sectioned dLGN was in 
the shape of a band, at right angles to the laminae (Fig. 
58, Wl32). In a given coronal section, the defect does not 
always extend across all laminae (see Figs. 46 and 58), 
because the laminae are slightly curved in the rostrocaudal 
direction and so are not always cut exactly at right 
angles. 
Defects in SC and dLGN resulting from the same retinal 
lesion were compared qualitatively for size. In general, 
n 
92. 
the defects appeared to be of similar size in that, lesions 
which produced small defects in the SC also produced small 
defects in the dLGN (see Figs. 42 and 56, animal Wl28). 
similarly, lesions resulting in filling defects of moderate 
size in the SC, also resulted in defects of moderate size 
in the dLGN (see Figs.37 and 52, animal W66; and Figs. 35 
and 51, animal Wll9). 
r 
The topography of retinal projections 
to the superior colliculus. 
93. 
The positions of the various lesions made during the 
course of the 
retina (Fig. 27). 
experiments, are shown on the composite 
In this study, it was found that retinal 
ganglion cell axon terminals map in an order in the SC such 
that, when its dorsal aspect is represented, more nasally 
placed ganglion cells project caudally and more temporally 
placed ganglion cells project rostrally. Dorsally situated 
ganglion cells project laterally and ventral ganglion cells 
project medially. This topographical mapping is 
illustrated in Fig. 28. 
In order to present evidence regarding the topography 
of retinal projections to the SC, a representative sample 
of lesions made around the optic disc, in different 
quadrants of the retina, has been selected (see Fig. 27). 
The isodensity map of Tancred (1981) has been inserted as 
an overlay to the composite retina, so that as the data 
regarding the retinal lesions and their corresponding 
terminal filling defects is presented, the approximate 
position of each lesion with respect to ganglion cell 
density can be seen. Individual cases are now described, 
moving in an anti-clockwise direction around the retina and 
starting in the temporo-dorsal quadrant of the retina. 
FIGURE 27 . COMPOSITE RETINA. The composite retina was prepared 
as detailed in the methods section, to show all the lesions made 
during the course of this study. The black spot is the optic disc. 
In the tammar, the ventral retina is more heavily pigmented than the 
dorsal retina and the line across the composite retina just above 
the optic disc. represents the demarcation line between the two 
sides of the retina. The broken lines at the dorsal and ventral 
poles indicate that were the retina in its realistic hemispheric 
shape, correction would occur towards these poles, since the angular 
displacement of the lesions was calculated with respect to the 
horizontal pigment demarcation line. The stippled lesions are 
those presented as examples in the text, with their corresponding 
filling defects jn the SC. The number beside each of these lesions 
refers to the number assigned to the pouch young whose retina was 
lesioned. An enlargement of the isodensitv map by Tancred (1981) 
has been inserted as an overlay. so that as the data reQarding each 
retinal lesion and its corresponding terminal filling defect is 
presented, the approximate position of the lesion with respect to 
ganglion cell density can be seen. 
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FIGURE 28. TOPOGRAPHICAL MAP OF RETINAL PROJECTIONS TO THE 
SUPERIOR COLLICULUS IN THE TAMMAR. The topographical map 
indicated by this study is such, that when the dorsal aspect of the 
SC is represented, ganglion cells to the nasal side of the retina 
project caudally in the SC, while those cells in temporal retina 
project rostrally. Dorsally placed ganglion cells project 
laterally in the SC and ventrally placed cells project medially. 
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Animal W129 (Fig. 29). The retina was lesioned in 
the temporo-dorsal 
low ganglion cell 
quadrant, in a region of comparatively 
density (see the composite retina with 
overlay, Fig. 27,). The filling defect in the SC, is small 
throughout. It starts as a laterally placed defect in 
rostral SC, becoming far lateral in position as it extends 
further rostrally. In this first example, photographs taken 
at intervals through the filling defect are shown (Fig. 
30). The HRP label extends throughout the stratum griseum 
superficiale apart from the gap, which is sharply bordered 
and has along its base the fibres of passage in the stratum 
opticum layer. In summary, this lesion made in the 
temporo-dorsal 
defect which 
quadrant of the retina, has produced a 
is rostral and lateral in the SC. 
Animal W130 (Fig. 31). This lesion was placed on 
the demarcation line between the heavily pigmented side of 
the retina and the lightly pigmented side and it is 
slightly temporal to the optic disc. The lesion extends 
into the visual streak and into the area centralis. Thus 
it is in a region of very high ganglion cell density. The 
filling defect in the SC is large. The area of retina 
destroyed by the laser, is projected to rostral SC as a 
wide defect, which is situated fairly centrally in the 
mediolateral extent of the SC. The defect remains wide as 
it extends further forward in the SC, though it narrows at 
its most rostral part, reflecting the fall-off in the 
FIGURE 29. ANIMAL Wl29. To the left is a camera lucida drawing of 
the retina. The open circle is the optic disc. The broken line 
represents the pigment demarcation line. A laser lesion has been made 
in the temporo-dorsal quadrant of the retina and is indicated by the 
stippled area. To the right is a camera lucida drawing through the 
SC. The solid black area in contralateral SC indicates HRP label. 
Axons and terminals filled with HRP extend throughout the contralateral 
SC, both along its rostrocaudal and mediolateral extent. The 
filling defect in the contralateral SC, produced by the laser lesion, 
has been stippled. This defect is small and lateral at its beginning 
(single arrow) and becomes extremely lateral as it extends to more 
rostral SC (double arrow). The label is light and patchy in the 
ipsilateral SC and extends almost to the caudal pole. A montage of 
micrographs through the filling defect is shown in Figure 30. 
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FIGURE 30. ANIMAL Wl29. SECTIONS THROUGH THE FILLING DEFECT 
IN THE SUPERIOR COLLICULUS. Unstained coronal sections through 
the filling defect, prior to its beginning (Section A) to the rostral 
pole of the SC (Section H). The defect is first apparent in Section 
Band extends to Section F, where it is at the lateral edge of the SC . 
The HRP label extends throughout the stratum griseum superficiale 
apart from the filling defect, which is sharply bordered and has along 
its base the fibres of passage in the stratum opticum layer. 
Scale bar= 1 mm. 
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FIGURE 31. ANIMAL W130. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken 
line represents the pigment demarcation line. A laser lesion has 
been made on this line, slightly temporal to the optic disc and it 
is indicated by the stippled area. To the right is a camera lucida 
drawing through the SC. The solid black area in contralateral SC 
indicates HRP label. The filling defect in this SC, produced by 
the laser lesion, has been stippled. This defect in rostral SC is 
wide and fairly centrally placed across the mediolateral extent of 
the SC. HRP label extends through about the rostral two thirds of 
the ipsilateral SC. A micrograph of the filling defect is shown 
in Figure 32. 
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ganglion cell density at the edge of the retina. Figure 32 
is a photograph taken approximately half way through the 
filling defect, in the rostro-caudal direction. In 
summary, this temporally placed retinal lesion has produced 
a filling defect lying rostrally in the SC. The lesion is 
very slightly to the dorsal side of the retina and as a 
result, the defect inclines slightly towards the lateral 
side of the SC. 
Animal W125 (Fig. 33). Still in temporal retina, 
but moving ventrally, it can be seen that this laser lesion 
has been applied in a region of quite low ganglion cell 
density (Fig. 27 with overlay). The filling defect in the 
SC from the primary laser lesion is very small and is 
projected to rostral SC. The defect widens as it extends 
to the far rostral pole of the SC, reflecting the wedge-
shaped region of inactivated ganglion cells in the retina. 
The defect becomes slightly more medial as it extends 
rostrally. Figure 34 shows the filling defect in the 
stratum griseum superficiale layer at the rostral pole of 
the SC. In summary, this temporal lesion has projected a 
filling defect to rostral SC. The lesion is also slightly 
ventral in the retina, and this has resulted in a filling 
defect which veers from the midline towards the medial edge 
of the SC. 
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FIGURE 32. ANIMAL W130. This is a dark field ~icrograph of an 
unstained coronal section through contralateral SC. HRP label 
extends throughout the stratum opticum and stratum griseum super-
ficiale except for the filling defect , that is devoid of label and 
is clearly defined. The defect is confined to the stratum griseum 
supcrficiale. Scale bar= 0.5 mm. 
FIGURE 33. ANIMAL Wl25. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken line 
represents the pigment demarcation line. A laser lesion has been 
made in the temporo-ventral quadrant of the retina and it is 
indicated by the stippled area. To the right is a camera lucida 
drawing through the SC. The solid black area in contralateral SC 
indicates HRP label. The filling defect in the contralateral SC, 
produced by the laser lesion, has been stippled. The filling defect 
from the laser lesion itself is small but it widens as it extends 
to the rostral pole of the SC. In this animal, HRP label extends 
throughout almost the entire ipsilateral SC. A micrograph of the 
filling defect is shown in Figure 34. 
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FIGURE 34. ANIMAL Wl25. This is a dark field micrograph of a 
stained coronal section through the contralateral SC, at its rostral 
pole. A filling defect is situated medially in the stratum 
griseum superficiale. Below this, a broad band of HRP label is 
apparent in the stratum opticum. Below this again, the pretectum 
is labeled. Scale bar= 1 mm. 
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Animal Wll9 (Fig. 35). This lesion is still 
within the temporo-ventral quadrant of the retina, though 
more towards the ventral pole. The lesion is placed in a 
region of low ganglion cell density but the lesion itself 
is large and therefore more cells have been destroyed by 
it. Thus, the lesion is projected to the SC as a defect of 
moderately large size. The defect extends forward from the 
middle of the nucleus, narrowing at its most rostral part. 
It is at the medial edge of the SC throughout (example 
photograph Fig. 36). In summary, this lesion, which is 
well ventral in the retina, has projected a medially 
situated defect 
slightly to the 
that the filling 
SC, towards the 
in the 
temporal 
defect 
rostral 
Animal W66 (Fig. 37). 
SC. Furthermore, the lesion is 
side of the retina, so 
is projected forward in the 
pole. 
We move now to the naso-
ventral quadrant of the retina. The lesion made in this 
retina is also large and is placed in a region of low 
ganglion cell density. The start of the filling defect (the 
projection of the region of cell destruction in the retina) 
is small but it widens as it extends through the caudal 
third of the SC, reflecting the widening wedge of damage in 
the retina. The defect becomes more medial in the nucleus 
as it extends caudally (Fig. 38). In summary, this 
lesion in naso-ventral retina has produced a defect which 
is situated caudally and medially in the SC. 
FIGURE 35. ANIMAL Wll9. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken line 
r epresents the pigment demarcation line. A laser lesion has been 
made in the temporo-ventral quadrant of the retina, more towards the 
ventral pole. This large lesion is indicated by the stippled area. 
To the right is a camera lucida drawing through the SC. The solid 
black ar ea i n contra l at eral SC i ndicates HRP label. The filling 
defect pr oduced by t he laser l esion, in the contralateral SC, has 
been s t ipp l ed . It begins as a l arge defect, medially placed and 
about half way through the SC. The defect narrows rostrally. HRP 
l ab el is restricted to the rostral third of the ipsilateral SC, in 
this animal. A micrograph of the filling defect is shown in 
Fi gure 36. 
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FIGURE 36. ANIMAL Wll9. The medially situated filling defect 
shows clearly in this HRP labeled section through the contralateral 
SC. The border with the HRP label is sharp. The section is 
unstained and cut coronally. Scale bar= 0.5 mm. 
FIGURE 37 . ANIMAL W66. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken 
line represents the pigment demarcation line. There is a large 
laser lesion in the naso-ventral quadrant of the retina and it is 
indi cated by the stippled area . To the right is a camera lucida 
drawing through the SC . The solid black area in contralateral 
SC indicates HRP label. The filling defect in the contralateral 
SC, produced by the laser lesion, has been stippled. The filling 
defect is restricted to the caudal third of the SC. The defect 
is initially small but enlarges and extends to the medial edge of 
the SC, as it extends caudally. In this animal, the ipsilateral 
label is sparse and restricted to the rostral half of the SC. 
A mi crograph of the filling defect is shown in Figure 38 . 
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FIGURE 38. ANIMAL W66. In this unstained coronal section through 
the contralateral SC, HRP label is seen throughout the stratum griseum 
superficiale and stratum opticum, except for the sharply defined 
filling defect. This is devoid of labeled axons and terminals. 
Scale bar= 1 mm. 
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(Fig. 39) • The laser lesion has again Animal Wl23 
been applied 
though more 
in the naso-ventral quadrant of the retina, 
towards the nasal pole than it was in the 
previous example. The ganglion cell density in the region 
of the retinal lesion is low and the retinal defect 
produces a very small filling defect in far caudal SC. The 
defect widens markedly at the caudal pole, where it reaches 
the medial edge of the nucleus. In summary, the lesion is 
placed towards the nasal pole in the retina but it is also 
slightly ventral in position. It has produced a filling 
defect which is in caudal SC and which is medially placed. 
Animal Wl26 (Fig. 40). Moving now into the naso-
dorsal quadrant, we find a retina which has been lesioned 
in a region of very low ganglion cell density. The defect 
from the retinal hole is in caudal SC and is very small. 
It remains small as it extends further caudally, through 
less than a quarter of the nucleus. The defect reaches the 
lateral edge of the SC at it most caudal part (Fig. 41). 
In summary, this naso-dorsal retinal lesion has projected a 
filling defect which is situated caudally and laterally in 
the SC. 
Animal 
has been 
density, 
defect is 
Wl28 (Fig. 42). In this case, the lesion 
made in a region of extremely low ganglion cell 
towards to the dorsal pole of the retina. The 
extremely small and shows in only one of the SC 
FIGURE 39 . ANIMAL Wl23. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken line 
represents the pigment demarcation line. The retina has been 
l esioned i n t he naso-ventral quadrant and the area of the lesion has 
been stippled. To the right is a camera lucida drawing through the 
SC. The solid black area in contralateral SC indicates HRP label. 
The filling defect in the contralateral SC, produced by the laser 
lesion, has been stippled. The filling defect is situated far 
caudally in the SC. The defect corresponding to the lesion site 
itself, is very small but the defect enlarges considerably as it 
reaches the caudal pole. The defect also moves to the medial edge 
of the SC . HRP label in the ipsilateral SC is sparse beyond the 
rostral half of the SC but can be seen extending towards the caudal 
pol e . 
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FIGURE 40. ANIMAL W126. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken line 
represents the pigment demarcation line. A small laser lesion has 
been made in the naso-dorsal quadrant of the retina and is stippled. 
To the right is a camera lucida drawing through the SC. The solid 
black area in contralateral SC indicates HRP label. The filling 
defect in the contralateral SC, produced by the laser lesion, has 
been stippled. The filling defect is small, lateral and not very 
extensive in the rostro-caudal extent of the SC. Its beginning is 
signified by the single arrow and its end in far lateral SC, is 
signified by the double arrows. Label in the ipsilateral SC is seen 
almost to the caudal pole and though patchy as usual, is a slightly 
heavier label. A micrograph of the filling defect is shown in 
Figure 41. 
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FIGURE 41. ANIMAL W126. This is a dark field, stained,coronal 
micrograph through the caudal part of the filling defect in the 
contralateral SC. The defect has sharp borders and is devoid of 
HRP label. Scale bar= 1 mm. 
FIGURE 42. ANIMAL Wl28. To the left is a camera lucida drawing 
of the retina. The open circle is the optic disc. The broken line 
represents the pigment demarcation line. A small lesion has been 
made in the naso-dorsal quadrant of the retina, more towards the 
dorsal pole. The laser lesion is stippled. To the right is a 
camera lucida drawing through the SC. The solid black area in contra-
lateral SC indicates HRP label. The filling defect produced by the 
laser lesion in contralateral SC has been stippled and since it is 
small and appears in only one of the sections used in compiling the 
drawing, the defect is indicated by an arrow. The defect is about 
two-thirds of the way along the SC in its rostro-caudal extent and 
is at its lateral margin. Patchy label is seen in the ipsilateral 
SC throughout its entire extent. A micrograph of the filling defect 
is shown in Figure 43 . 
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sections used in the compiling of the drawing. The defect 
is situated about two thirds of the way through the nucleus 
and at the lateral edge of the SC (Fig. 43). In summary, 
the lesion being near the dorsal pole and towards the nasal 
side of the retina, has projected a defect laterally and 
somewhat caudally in the SC. 
Overall summary (SC). 
above and the position 
other retinal lesions, 
The individual cases described 
of the defects arising from the 
which have been shown on the 
composite 
to the 
retina (Fig. 27) but are not described here, led 
formulation of the topographical map (Fig. 28). 
Lesions in the temporo-dorsal quadrant of the retina 
produced filling defects rostro-laterally in the SC, with 
nearness of the lesion to one or other pole of the retina, 
being faithfully represented by the relative position of 
the defect to the poles of the SC. Similarly, there was an 
orderly representation of the lesions in the temporo-
ventral quadrant of the retina, by filling defects in 
rostro-medial SC, of lesions in the naso-ventral quadrant 
by defects in caudo-medial SC and of lesions in the naso-
dorsal quadrant by defects in caudo-lateral SC. In animal 
W130 (Fig. 31), the high density of ganglion cells in the 
laser affected region of retina, received an enlarged 
representation in the SC. 
115. 
FIGURE 43. ANIMAL Wl28. This is an unstained coronal section 
--,---,---e-
t hr o ugh the SC. HRP label is seen in the stratum griseum super-
ficiale and stratum opticum throughout the SC, apart from the small 
filling defect at i~s lateral edge. Labeled axons in the stratum 
opticum course across the base of the defect . Scale bar= 1 mm. 
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The topography of the retinal projections to the 
dorsal lateral geniculate nucleus. 
As for the SC, in order to present evidence regarding 
the topography of retinal projections to the dLGN, a 
representative sample of lesions made around the optic disc 
in different quadrants of the retina, has been selected and 
is shown on the composite retina (Fig.44). The 
topographical map determined by the results is shown as 
Figure 45. The lateral aspect of the dLGN is presented. 
Retinal ganglion cells situated nasally were found to 
project rostrally to the monocular segment of the dLGN, 
while those cells situated temporally, project caudally to 
the binocular segment. Ventrally placed ganglion cells 
project dorsally and dorsally placed ganglion cells project 
ventrally in the dLGN. 
The isodensity map of Tancred (1981) has again been 
inserted as an overlay to the composite retina, to enable 
retinal lesion position to be correlated with ganglion cell 
density. Fibres coursing contralaterally from nasal retina 
innervated the monocular segment of the dLGN, so that a 
laser lesions in nasal retina projected filling defects 
confined to the monocular segment of the nucleus (for 
example, Fig. 54, W126). Laser lesions (or the wedge of 
inactivated ganglion cells peripheral to the lesions) which 
overlapped the decussation line between temporal and nasal 
FIGURE 44. COMPOSITE RETINA. The composite retina was prepared 
as detailed in the methods section, to show all of the lesions made 
during the course of this study. The black spot is the optic disc. 
In the tammar. the ventral retina is more heavily pigmented than the 
dorsal retina and the line across the composite retina just above the 
optic disc, represents the demarcation line between the two sides of 
the retina. The broken lines at the dorsal and ventral poles 
indicate that were the retina in its realistic hemispheric shape, 
correction would occur towards these poles, since the angular 
displacement of the lesions was calculated with respect to the 
horizontal pigment demarcation line. The stippled lesions are 
those presented as examples in the text, with their corresponding 
filling defects in the dLGN . The number beside each of these 
lesions refers to the number assigned to the pouch young whose retina 
was lesioned. An enlargement of the isodensity map by Tancred (1981) 
has been inserted as an overlav, so that as the data regarding each 
retinal lesion and its corresponding terminal filling defect is 
presented, the aoproximate position of the lesion with respect to 
ganglion cell density can be seen. 
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FIGURE 45. TOPOGRAPHICAL MAP OF RETINAL PROJECTIONS TO THE 
DORSAL LATERAL GENICULATE NUCLEUS IN THE TAMMAR. This is a 
diagrammatic representation of the retina and the contralateral dLGN. 
The dLGN is drawn in its lateral aspect. The topography is such 
that nasal retina projects rostrally in the dLGN, to the monocular 
segment (stippled). Retinal ganglion cells situated temporally, 
project to the caudal binocular segment of the nucleus. Ventrally 
placed ganglion cells project dorsally in the dLGN. Ganglion cells 
in dorsal retina, project ventrally in the nucleus. 
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a filling defect which started in the 
of the dLGN and extended into the 
For example, in animal Wl32 (Fig. 58), 
the retinal lesion was made in the temporo-dorsal quadrant 
of the retina, near where the retinal decussation line 
could be expected and in a region of fairly low ganglion 
cell density. The lesion projected a very small filling 
defect to the caudal part of the monocular segment of the 
contralateral dLGN and this extended as an enlarging 
defect, right through the binocular segment of the nucleus. 
The filling defects projected by temporal lesions to 
ipsilateral and contralateral dLGN were at an equivalent 
level in each nucleus, in the dorso-ventral direction. For 
example, the bilateral defects in Wll9 (Fig.51) were at the 
dorsal pole of the nuclei while the defects in Wl25 (Fig. 
49) were situated towards the dorsal pole and reach the 
pole, in the caudal part of each nucleus. In Wl20 (Fig. 
46) and also in Wl32 (Fig. 58), the bilateral defects are 
seen in the caudal part of each nucleus and are positioned 
at the same level, towards the ventral pole. 
The description of individual examples will now be 
given. The lesion first described was made in the temporo-
dorsal quadrant of the retina and the subsequent 
description of examples will follow an anticlockwise 
direction around the retina. 
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Animal W120 (Fig. 46). The retinal lesion has 
been made at the edge of the visual streak, dorsal and very 
slightly nasal to the area centralis. Accordingly, the 
lesion is 
(see Fig. 
the laser, 
in an area of quite high ganglion cell density 
44 and overlay). The retinal damage caused by 
has interrupted the transport of HRP by axons 
from nasal as well as temporal retina, since the filling 
defect in contralateral dLGN appears first in the monocular 
segment and extends right through the binocular segment. 
Rostrally, the projection of the area of retina destroyed 
by the laser is quite small but the defect increases 
markedly in size in middle nucleus, becoming smaller again 
caudally. There is a filling defect in the ipsilateral 
dLGN, confined to the caudal binocular segment of the 
nucleus. The filling defects are slightly towards the 
ventral side of the nucleus in the dorso-ventral 
direction. In this first example, photographs have been 
taken at intervals through the filling defects in the dLGN 
and are shown as Figure 47. In addition, the filling 
defects in the caudal part of both nuclei, are shown at 
higher magnification (Fig. 48). In summary, this is a 
lesion made in the temporo-dorsal quadrant of the retina. 
The wedge of inactivated ganglion cells extends to the 
temporal 
of each 
lesion 
periphery, projecting defects to the caudal pole 
nuclei and the slightly dorsal position of the 
has produced defects which are slightly ventral in 
the dLGN. 
FIGURE 46. ANIMAL W120. A camera lucida drawing of the retina is 
shown. The open circle is the optic disc. A broken line represents 
the pigment demarcation line. This retina has been lesioned in its 
temporo-dorsal quadrant, quite near to the area centralis. The 
lesion is stippled. Below the retina are camera lucida drawings of 
sections through the contralateral and ipsilateral dLGN, represented 
to the right and left respectively. The solid black area represents 
HRP label in the dLGN. No attempt has been made to show the pattern 
of lamination. The monocular segment in ipsilateral dLGN is unlabeled. 
The filling defects in the nuclei are stippled. Dorsal in the 
nucleus is towards the top of the figure and ventral in the nucleus is 
towards the bottom of the figure. In the contralateral dLGN, the 
filling defect is extensive. It conunences in the monocular segment 
and extends to the caudal pole of the nucleus. The defect is small 
at its beginning but enlarges considerably, its wedge shape being 
apparent. The filling defect in the ipsilateral dLGN is smaller and 
is confined to the binocular segment. It too, reaches the caudal 
pole of the nucleus. The filling defects are situated slightly to 
the ventral side of the nuclei. A micrograph of sections through 
the filling defects is shown as Figure 47 . 
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FIGURE 47. ANIMAL Wl20. Coronal sections of the thalamus, stained 
with thionin, showing the labeled dLGN on each side and the bilateral 
filling defects which have resulted from the laser lesion in the 
retina. Section A is caudal in the thalamus and section His r ostr al. 
Contralateral is to the right. An example of the filling defect at 
higher magnification is shown in Figure 48. 
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FIGURE 48. ANIMAL Wl20. The filling defects in the caudal 
binocular part of the dLGN are shown at high magnification. 
The contralateral nucleus is to the right. These sections have 
been cut coronally and are unstained. In each nucleus, the gap 
in the HRP label that is the filling defect is clearly defined 
and contains no labeled axons or terminals. Both defects are 
situated at the same level in the nucleus, towards the ventral 
pole and the defects extend at right angles across the line of 
the laminations, although in these coronal sections the laminae 
in far caudal dLGN, particularly on the contralateral side, are 
not so apparent. Scale bar= 0.5 mm. 
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Animal W125 {Fig 49). The retinal lesion is directly 
ventral to the area centralis but in a region of fairly low 
ganglion cell density. The filling defect occurs within 
the binocular part of the nucleus. In contralateral dLGN, 
the filling defect starts in the rostral part of the 
binocular segment and it extends caudally. The projection 
of the retinal lesion, at the start of the filling defect, 
is very small but the defect increases in size. The 
ipsilateral filling defect is confined to the caudal part 
of the binocular segment. The defects are situated 
dorsally in the nuclei, reaching the dorsal margin caudally 
(Fig. 50). In summary, the lesion in temporo-ventral 
retina has been projected as a defect which is caudal and 
dorsal in the dLGN. 
Animal W119 (Fig 51). This is an example of a large 
lesion applied in the temporo-ventral quadrant of the 
retina, in a region of low ganglion cell density. This 
laser lesion has interrupted axons coursing to the optic 
disc from both nasal and temporal retina, since in the 
contralateral dLGN, the filling defect appears caudally in 
the monocular segment and extends into the rostral part of 
the binocular segment. The filling defect appears 
rostrally in the binocular segment on the ipsilateral side. 
On both sides the defects are fairly small and appear at 
the dorsal extremity. In summary, the position of the 
FIGURE 49. ANIMAL Wl25. A camera lucida drawing of the retina 
is shown . The open circle is the optic disc. A broken line 
represents the pigment demarcation line. This retina has been 
lesioned in the temporo-ventral quadrant and the lesion area is 
stippled. Below the retina are camera lucida drawings of sections 
through the contralateral and ipsilateral dLGN, to the right and 
left respectively. The solid black area represents HRP label in 
the dLGN. No attempt has been made to show the lamination pattern. 
The monocular segment in ipsilateral dLGN is unlabeled. The 
filling defects in the nuclei are stippled. Dorsal in the nucleus 
is towards the top of the figure and ventral in the nucleus is 
towards the bottom of the figure. The filling defects are confined 
to the binocular segment and are located towards the dorsal pole of 
the nucleus, reaching the dorsal margin, caudally. A montage of 
the filling defect in both ipsilateral and contralateral dLGN is 
shown as Figure SO. 
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FIGURE 50. ANIMAL Wl25. Filling defects situated at the dorsal 
or ventral poles of the dLGN are more difficult to illustrate by 
micrographs of the tissue sections, because the defect has only one 
sharp border with the labeled laminae of the nucleus. In this case, 
adjacent sections through the thalamus have been treated differently 
and are presented as a montage, in order to promote identification of 
the filling defects. These are coronal sections. Sections A and B 
have been stained with thionin. Sections C and Dare unstained and 
are dark field photographs. The contralateral dLGN is to the right 
and the ipsilateral dLGN is to the left. Dorsal in the nucleus is 
to the top of each micrograph . The filling defects are situated at 
the dorsal pole of each dLGN and sharp borders across the labeled 
laminae can be seen. Scale bar= 1 mm. 
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FIGURE 51. ANIMAL Wl19. A camera lucida drawing of the retina 
is shown. The open circle is the optic disc. A broken line 
represents the pigment demarcation line. The large laser lesion 
is situated in the temporo-ventral quadrant of the retina, towards 
the ventral pole and the lesion area is stippled. Below the 
retina are camera lucida drawings of sections through the contra-
lateral and ipsilateral dLGN, to the right and left respectively. 
The solid black area represents HRP label in the dLGN. No attempt 
has been made to show the lamination pattern. The monocular 
segment in ipsilateral dLGN is unlabeled. The filling defects 
in the nuclei are stippled. Dorsal in the nucleus is towards the 
top of the figure and ventral in the nucleus is towards the bottom 
of the figure. In the contralateral dLGN, the filling defect 
appears first in the caudal part of the monocular segment and it 
extends into the binocular segment. The filling defect is situated 
rostrally in the binocular segment in ipsilateral dLGN. The 
filling defects are not very extensive in the rostro-caudal direction 
in either ipsilateral or contralateral dLGN and on both sides, the 
defects are situated at the dorsal pole. 
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lesion towards the ventral pole of the nucleus, has been 
reflected in the dorsal position of the filling defects in 
both nuclei and the position of the lesion between nasal 
and temporal retina is represented by the production of the 
defects in the caudal part of the monocular segment and the 
rostral part of each binocular segment. 
Animal W66 (Fig 52). The laser lesion is large and 
within the naso-ventral quadrant of the retina, in an area 
of low ganglion cell density. The projection of the 
filling defect is confined to the rostral part of the 
monocular segment of the contralateral dLGN. The defect is 
moderate in size and is situated fairly dorsally within the 
nucleus (Fig. 53). In summary, this retinal lesion in 
naso-ventral retina projects as a filling defect, which is 
situated rostrally and somewhat dorsally in the monocular 
segment of the dLGN. 
Animal W126 (Fig. 54). The retina has been 
lesioned in the naso-dorsal quadrant, in a region of low 
ganglion cell density. The filling defect appears in the 
contralateral dLGN and is situated in about the middle of 
the monocular segment, along its rostrocaudal extent. It 
is a defect moderate in extent and is at the ventral 
extremity of the nucleus (Fig. 55). In summary, this 
lesion in naso-dorsal retina projects a defect rostrally 
and ventrally to the monocular segment of the 
FIGURE 52. ANIMAL W66. A camera lucida drawing of the retina 
is shown. The open circle is the optic disc. A broken line 
represents the pigment demarcation line. A large lesion has been 
made in the naso-ventral quadrant of the retina and the area of 
the lesion is stippled. Below the retina are camera lucida 
drawings of sections through the contralateral and ipsilateral 
dLGN, to the right and left respectively. The solid black area 
represents HRP label in the dLGN. No attempt has been made to 
show the lamination pattern . The monocular segment in ipsilateral 
dLGN is unlabeled. The filling defects in the nuclei are stippled. 
Dorsal in the nucleus is towards the top of the figure and ventral 
in the nucleus is towards the bottom of the figure. The filling 
defect is confined to the monocular segment of the contralateral 
dLGN. The defect is situated in the dorsal half of the nucleus 
and is of moderate size. A micrograph of the filling defect is 
shown as Figure 53. 
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FIGURE 53. ANIMAL W66 . This is an unstained coronal section 
through the monocular segment of the contralateral dLGN. The 
borders of the filling defect that has resulted from the retinal 
lesion are clearly defined. The borders are sharp and the 
defect is devoid of labeled axons or terminals. 
Scale bar= 1 mm. 
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FIGURE 54. ANIMAL W126. A camera lucida drawing of the retina 
is shown. The open circle is the optic disc. A broken line 
represents the pigment demarcation line. The area of the lesion 
has been stippled and it is quite small. The laser lesion is in 
the naso-dorsal quadrant of the retina. Below the retina are 
camera lucida drawings of sections through the contralateral and 
ipsilateral dLGN, to the right and left respectively. The solid 
black area represents HRP label in the dLGN. No attempt has been 
made to show the lamination pattern. The monocular segment in 
ipsilateral dLGN is unlabeled. The filling defect in the nucleus 
i s stippled. Dorsal in the nucleus is towards the top of the 
figure and ventral in the nucleus is towards the bottom of the 
figure. The filling defect is confined to the monocular segment 
of the contralateral dLGN and to the ventral pole of the nucleus. ' 
A micrograph of the filling defect is shown as Figure 55. 
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FIGURE 55. ANIMAL W126. 
coronal section through the 
the filling defect situated 
Arrows indicate the ventral 
132. 
Dark field micrograph of an unstained 
monocular segment of the dLGN, showing 
at the ventral pole of the nucleus. 
border of the dLGN. Scale bar= 1 mm. 
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Animal W128 (Fig 56). The lesion is relatively 
small and towards the dorsal pole of the naso-dorsal 
quadrant of the retina. It is in an area of extremely low 
ganglion cell density. The filling defect appears at the 
ventral pole of the contralateral dLGN, in the caudal part 
of the monocular segment. It is a very small defect 
(Fig 57). In summary, this naso- dorsal retinal lesion is 
projected as a filling defect to rostral (monocular) and 
ventral dLGN. 
Animal W132 (Fig 58). The retina has been 
lesioned within the temporo-dorsal quadrant, in a region of 
fairly low ganglion cell density. This laser lesion has 
interrupted fibres projecting from both nasal and temporal 
retina. The retinal hole projects as a small defect 
situated caudally in 
contralateral dLGN. 
through the binocular 
the monocular segment of the 
The defect enlarges and extends 
segment to the caudal pole of the 
nucleus. In the ipsilateral dLGN, the defect appears in 
the most caudal part of the binocular segment. The defects 
are moderate in size and are towards the ventral side of 
the nucleus, extending to the ventral border caudally, in 
contralateral dLGN. In summary, the lesion being towards 
the dorsal side of the retina, produces a filling defect 
towards the ventral side of the dLGN and as the wedge of 
retinal damage has fanned out towards temporal retina it 
FIGURE 56. ANIMAL Wl28. A camera lucida drawing of the retina 
is shown. The open circle is the optic disc. A broken line 
represents the pigment demarcation line. The area of the lesion 
has been st i ppled and it is small. The lesion is situated in the 
naso-dorsal quadrant of the retina but more towards the dorsal pole. 
Below the retina are camera lucida drawings of sections through the 
contralateral and ipsilateral dLGN, to the right and left respective-
ly. The solid black area represents HRP label in the dLGN. No 
attempt has been made to show the lamination pattern. The monocular 
segment in ipsilateral dLGN is unlabeled. Dorsal in the nucleus is 
towards the top of the figure and ventral in the nucleus is towards 
the bottom of the figure. The filling defect in the nucleus is 
stippled. It is confined to the monocular segment of the contra-
lateral dLGN and is small. A micrograph of this filling defect is 
shown as Figure 57. 
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FIGURE 57. ANIMAL W1 28. This is an unstained coronal section 
through the caudal part of the contralateral dLGN. The binocular 
segment is starting dorsally in the nucleus, as indicated by the 
gaps in the HRP label that correspond to the innervation from the 
ipsilateral eye. This observation may be clarified by comparing 
the figure with Figure 17 at 840 ,urn. I~ the monocular segment 
ventrally, is the filling defect (arrowed). Scale bar= 1 mm. 
FIGURE 58. ANIMAL Wl32. A camera lucida drawing of the retina 
is shown. The open circle is the optic disc. A broken line 
represents the pigment demarcation line. The retina has been 
lesioned in the temporo-dorsal quadrant. The area of the lesion 
is stippled. Below the retina are camera lucida drawings of 
sections through the contralateral and ipsilateral dLGN, to the 
ri2ht and left respectively. The solid black area represents HRP 
label in the dLGN. No attempt has been made to show the pattern 
of lamination . The monocular segment in ipsilateral dLGN is 
unlabeled. The filling defects in the nuclei are stippled. 
Dorsal in the nucleus is towards the top of the figure and ventral 
in the nucleus is towards the bottom of the figure . In the 
contralateral dLGN, the filling defect starts in the monocular 
segment and extends through the binocular segment to its caudal 
extreme. The defect in the ipsilateral dLGN is confined to the 
caudal part of the binocular segment. The filling defects in 
both nuclei give evidence of their projection along lines at ri~ht 
angles to the laminae. The defects are situated towards the 
ventral pole of the dLGN, both ipsilaterally and contralaterally. 
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has been reflected in a filling defect which courses 
through to caudal nucleus. 
Overall summary (dLGN). The topographical map (Fig. 
45) was prepared from the results of all the laser lesions 
shown on the composite retina (Fig. 44), and this includes 
the above examples. There was an orderly representation of 
the retinal lesions, by the filling defects in the dLGN. 
Lesions in temporal retina produced filling defects 
bilaterally in ipsilateral and contralateral dLGN. Lesions 
in the temporo-dorsal quadrant of the retina produced 
defects which were situated caudally and ventrally in the 
nucleus, while lesions in the temporo-ventral quadrant of 
the retina produced defects situated caudally and dorsally 
in the nucleus. Several lesions in temporal retina 
produced 
the dLGN 
defects which started in the monocular segment of 
and extended through the binocular segment in 
caudal nucleus. Retinal lesions in nasal retina produced 
defects in the monocular segment of the contralateral dLGN. 
Lesions placed ventrally in nasal retina produced defects 
which were dorsal in the dLGN, while lesions placed 
dorsally in nasal retina produced defects in ventral 
nucleus. The retina of animal Wl20 (Fig. 46) was lesioned 
in a region of quite high ganglion cell density, 
overlapping the visual streak and the filling defect 
produced in the dLGN was enlarged. 
138 . 
DISCUSSION 
The topography of retinal projections to the SC and 
dLGN in the tammar, has been investigated by an anatomical 
method. One retina of each animal was lesioned with a 
laser beam, immediately prior to an intraocular injection 
of HRP. Intact retinal ganglion cells transported the HRP 
to their terminals in the SC and dLGN and by subsequent 
chemical processing, a reaction product was made visible in 
these structures. Ganglion cells at the site of the lesion 
were destroyed by the laser, so that there was no transport 
of HRP from this discrete region of retina. In addition, 
the axons of cells in peripheral retina which were coursing 
through the lesion site towards the optic disc, were 
coagulated by the laser and the cells could not transport 
HRP. When the cells destroyed at the lesion site and the 
cells inactivated peripherally, had axon terminals in the 
SC and/or dLGN, a filling defect was produced in the HRP 
terminal label. The wedge shape, which was clearly 
apparent in the filling defects of some lesions, was 
consistent with the wedge shape of the deficit in the 
retina. By making lesions around the retina in each 
quadrant and correlating this with the position of the 
terminal defects, maps of the retinal projection to the SC 
and dLGN have been constructed. 
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The retina. 
The appearance of the retinal ganglion cell layer in 
the experimental animals, accords with the descriptions of 
the layer in the adult tammar (Tancred, 1981; Wong et al., 
1986). Cells were not counted, but a visual streak and an 
area centralis in the temporal part of the streak are 
obvious, when retinal wholemounts are examined. Retinal 
ganglion cells are aligned radially about the optic disc 
and this indicates that ganglion cell axons from all parts 
of the retina converge radially towards the optic nerve 
head. 
The nature of the laser lesions. 
The ruby laser used in these experiments is based upon 
the light stimulated emission of radiation from chromium 
atoms in a crystal of ruby. A collimated coherent 
monochromatic beam of high intensity is emitted in 
microsecond pulses (Kapany and Peppers, 1963). When this 
is directed into the eye, it passes without effect through 
the lens, vitreous and retina, which are transparent to the 
laser rays. However, melanin granules within the pigment 
epithelium absorb the energy. Their temperature rises 
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steeply and as shock waves are generated, the melanosome 
membranes are ruptured (Goldman et~' 1975). This 
mechanism of action explains the explosively ruptured 
appearance of the pigment epithelium seen at the edge of 
the retinal lesions. If sufficient energy is delivered by 
the laser, tissue fluid is explosively vapourized and a 
gaseous bubble mushrooms back through the retina (Kapany 
and Peppers, 1963); Marshall and Mellerio, 1967). This was 
how the full-thickness hole with its surrounding blast 
zone, was produced in each lesioned retina. As a means of 
making a lesion, the laser does have some advantages over 
the use of other techniques. Since it is applied from 
without, it does not interfere with the optics of the eye 
nor does it traumatize beyond the lesion site, which is 
sharply bordered. 
It has been reported that the delivery of a much 
greater incident energy is required to make lesions of 
comparable size 
compared with 
in lightly pigmented retinal regions 
heavily pigmented regions (Kapany and 
Marshall and Mellerio, 1967). Since the Peppers, 1963; 
energy level was held steady in the experiments reported 
here, it was possible that larger lesions would have been 
made on the more heavily pigmented ventral side of the 
tammar retina, than on the dorsal side. This did not 
occur. 
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The pattern of retinal innervation in the superior 
colliculus and the dorsal lateral geniculate nucleus. 
The pattern of retinal innervation in the e xperimental 
animals of the present study was like that described for 
the adult tammar (Sanderson et al., 1984; Wye-Dvorak, 
1984), with the one exception that the retinal projection 
coursing ipsilaterally, reportedly confined in the adult SC 
to its rostral half (Wye-Dvorak, 1984), sometimes extended 
through caudal SC. This finding may be attributable to the 
difference in experimental techniques. Sanderson et al., 
(1984) and Wye-Dvorak (1984) used 3H-proline auto-
radiography to label optic input to the SC and dLGN in 
adult tammars, whereas in the present study, the 
intraocular injection of HRP was used. This technique 
produced particularly well-filled retinal terminal fields 
and it may be that if the HRP technique was used in an 
adult animal a small but more extensive projection would be 
detected. It was originally thought, for example, that 
there was no retinal projection to the caudal part of the 
SC in the hamster but more recently, when the HRP technique 
was used, the projection could be seen through the entire 
rostrocaudal extent of the SC (Mooney et al., 1984). An 
alternative explanation for this extended projection in the 
tammar, could be that it is an immature projection, which 
is retracted before adult-hood, as has been shown in the 
cat (Williams and Chalupa, 1982). However, the 
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experimental animals were aged between 111 and 160 days, 
well beyond the age (72 days) when the adult pattern of 
innervation was seen in the dLGN and SC (Wye-Dvorak, 1984). 
Furthermore, label was never seen in the far caudal 
ipsilateral SC during development in these animals (Wye-
Dvorak, 1984). 
The lack of sharp borders in the SC defect produced by 
the retinal lesion in the animal aged 77 days suggests that 
there is a developmental stage of refinement of the retinal 
projection and that this was still in progress, in this 
case. A comparable defect in the animal aged 93 days had 
sharp borders and was devoid of axons, which indicates that 
the retinal projection in this animal was beyond that 
developmental stage. The animal aged 93 days, was 
considerably younger than most of the experimental animals, 
which were aged from 111 to 160 days. The projections were 
mature in these animals, the filling defects being sharply 
bordered and complete, that is, they were devoid of labeled 
axons or terminals. Eye opening occurs at about 140 
days in the tammar. Almost half of the animals used in the 
experiment had their eyes open when collected from the 
pouch. Data from animals whose eyelids were still fused 
when collected, showed an innervation pattern which was in 
all respects similar to that of the animals whose eyes were 
open. 
The topography of the retinal 
to the superior colliculus 
projections 
and the 
dorsal lateral geniculate nucleus. 
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Superior colliculus. From a functional point of view, 
the feature of prime importance, which the map of the 
retinal projections to the SC shows, is that the retinal 
projections are laid down in the SC in retinotopic order. 
Another feature to be indicated by the map, is the enlarged 
representation afforded the retinal visual streak and area 
centralis, in the SC. This accords with the degree of 
specialization seen in the retina of the tammar. Such 
enlarged representation of a specialized region of retina 
where ganglion cell density is high, is a feature of 
retinal mapping to the SC or tectum in all vertebrates, 
with the exception of fishes, which have no retinal 
specialization (Johns and Easter, 1977; Murray et al., 
1982) and the rat, which has a specialized retina but is 
reported to have a uniform map of retinal projections 
across the SC (Siminoff et~' 1966). 
The systematic application of the laser around the 
retina, produced a corresponding and orderly progression in 
the representation of the filling defects in the SC. 
Lesions in the temporo-dorsal quadrant of the retina 
produced filling defects rostro-laterally in the SC, while 
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lesions in temporo-ventral retina produced filling defect 
rostro-medially in the SC. Lesions in the naso- ventral 
quadrant of the retina produced defects which were situated 
caudo-medially and lesions in the naso-dorsal quadrant 
produced filling defects which were caudal and lateral in 
the SC. This orientation of retinal projections to the SC 
in the tammar, is like that in all mammals, including the 
American marsupial, the opossum (Volchan et al., 1982). 
The map is also like that of the retinotectal projections 
in sub-mammalian vertebrates, with the one unexplained 
exception of Iguana iguana (Stein and Gaither, 1981). 
Dorsal lateral geniculate nucleus. Of prime 
importance for the dLGN also, is the ordered representation 
of the retina which the topographical map shows and a 
feature of the map is the enlarged representation of the 
visual streak and area centralis. This has also been shown 
in the tammar by an electrophysiological study (Wye-Dvorak, 
1985). Thus, the tammar in this respect, is like all other 
mammals, for example, the cat and the rat (Bishop et al., 
1962; Laties and Sprague, 1966; Lund et al., 1974; Reese 
and Jeffery, 1983). The foveal region in the primate 
retina receives an enlarged representation in the dLGN 
(Kaas et al., 1972; Malpeli and Baker, 1975). The rabbit 
has a visual streak which is extensively represented in the 
dLGN (Hughes, 1971). 
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The retinal projection to the dLGN is more complicated 
than that to the SC, because the dLGN receives from the two 
eyes, multiple retinal inputs which arrange in laminae; 
that is, a point in the visual field is represented as a 
projection line crossing at right angles to the laminae in 
the dLGN. This is the case in other animals (Kaas et al., 
1978; Hickey and Guillery, 1979; Bishop, 1984; 
Sanderson, 1971), but could only be inferred from the 
physiological study of the tammar dLGN by Wye-Dvorak 
(1985), as the electrode passed down the laminae in her 
preparation. However, the underlying projection line 
structure of the dLGN is indicated by the anatomical data 
obtained in these present experiments. When retinal 
lesions were made in regions of low ganglion cell density, 
the resulting filling defects were in the shape of a band 
or column, which extended across the dLGN at right angles 
to the laminae. The bands represent a number of projection 
lines. By defining the projection lines, the filling 
defects show that the projections to each lamina are in 
register with those of the adjacent laminae. 
In the present study, the retinal lesions applied 
around the retina, could be correlated with an orderly 
progression in the position of filling defects in the dLGN. 
Retinal lesions in nasal retina produced defects in the 
rostral monocular segment of the contralateral dLGN. The 
ventral lesions in nasal retina produced filling defects 
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which were dorsal in the monocular segment, while lesions 
situated dorsally in nasal retina, produced defects 
ventrally in the monocular segment. Lesions in temporal 
retina produced filling defects bilaterally in the caudal 
(binocular) part of the ipsilateral and contralateral dLGN. 
If the lesion was situated dorsally in temporal retina, it 
produced a filling defect ventrally in the binocular 
segment . If the lesion was ventrally placed in the 
temporal retina, it produced a filling defect which was 
dorsal in the binocular segment of the dLGN. Some lesions 
placed in temporal retina produced filling defects which 
extended into the monocular segment of the nucleus, 
indicating that the lesion crossed the decussation line 
nasally, into that region of retina which only projects 
axons contralaterally. 
The map of the retinal projections is in agreement 
with that determined for the tammar, by electrophysiology 
(Wye-Dvorak, 1985). The topography is like that of the rat 
and the rabbit (Lund et al., 1974; Reese and Jeffery, 
1983; Holcombe and Guillery, 1984), all animals that use 
Strategy 3. This uniformity of map orientation by animals 
using the same strategy is in contrast to the animals which 
use Strategy 2, the primates and the carnivores, the cat 
and ferret. The dLGN of each of these is in a different 
orientation with respect to the retinal projections and 
none of these orientations is like that of the animals 
using Strategy 3 (Kaas et al., 1972; Malpeli and Baker, 
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1975; Bishop et~' 1962; Sanderson, 1971; Zahs and 
Stryker, 1985). 
Since stability of orientation is not the case with 
the dLGN, one might question what such var iations in 
orientation of the nucleus mean, in functional or 
evolutionary terms. In functional terms1 the dLGN has only 
to receive input from the two eyes. It does not have to 
correlate a map of visual input with maps from other 
sensory systems, so that providing the dLGN can receive an 
ordered retinal map, and has its cortical and other 
connections appropriately organized, the orientation it 
presents to the retinogeniculate projections may be 
functionally unimportant. The three dimensional structure 
of the dLGN is subject to stresses imposed by the 
differential growth of other structures in the brain during 
development (Shatz, 1983). As the embryo of the monkey 
develops in 
LGN occurs 
utero, a displacement in the position of the 
(Rakic, 1977) and in the cat a major shift in 
orientation occurs prenatally and again postnatally (Shatz, 
1983). It has been suggested that the dLGN of the monkey 
and the cat may initially be in a similar orientation in 
the thalamus, prior to the displacements which occur during 
development (Shatz, 1983). It is not an unreasonable 
extrapolation to suggest that the dLGN may commonly be in 
the same orientation early in embryogenesis. It could be 
that the different orientations assumed during development 
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have been allowed (in evolutionary terms), because they do 
not affect the function of the dLGN negatively. 
Does the topography indicate which mapping strategy 
the tammar uses for SC and dLGN? 
The tammar certainly does not use Strategy 1 for 
mapping either the SC or dLGN, since a retinal projection 
separates at the optic chiasm to course to both structures 
on the ipsilateral side of the brain, that is, there is 
partial decussation of optic fibres at the chiasm. Thus, 
the tammar could be using either Strategy 2 or 3. There 
is, however, a projection from the temporal retina to the 
contralateral SC and dLGN in this animal. This was shown 
by the temporally placed retinal lesions which produced 
filling defects in the contralateral SC and dLGN. The 
temporal retina does not send projections contralaterally 
to either the SC or dLGN, in animals which utilize Strategy 
2. Therefore, the tammar does not use this strategy for 
either projection. 
Is there evidence from the topography, 
that all of the requirements for an 
animal using Strategy 3 are met? 
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The main features of Strategy 3 are listed below. 
Qualifications 1 and 5 are obviously met and do not need 
to be discussed. 
1. The eyes may be either lateral or frontal. 
2. The retina views a visual field which extends from 
beyond the zero vertical meridian to the far 
periphery. 
3. The whole of the retina sends axons contralaterally 
to the visual centres. 
4. In addition, ganglion cells in temporal retina send 
projections to the ipsilateral visual centres. 
5. Decussation is therefore partial in the chiasm. 
6. Nasal retina, which projects only contralaterally, 
subserves a monocular segment in the visual centres. 
7. The SC or dLGN receive a representation of the 
contralateral hemifield, plus the region beyond the 
zero vertical meridian of the field, viewed by the 
temporal retina. 
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Superior colliculus. The results which determined 
the topographical map also suggest that the whole of the 
retina projects axons contralaterally to the SC. Although 
the whole of the retina was not lesioned, every quadrant 
was sampled and every lesion which was made produced a 
filling defect in the contralateral SC. An ipsilateral 
projection was always observed, but the retinal source 
of the projection could not be determined by the methods 
used in this study. The patchy nature of the ipsilateral 
projection made it 
any filling defects 
impossible 
produced 
to satisfactorily detect 
by the retinal lesions. 
The patchiness of the ipsilateral projection to the 
SC, prevented the determination of whether or not the nasal 
retina projects only contralaterally, since if a filling 
defect resulting from a nasal lesion had been produced in 
ipsilateral SC, it may not have been seen. It cannot be 
said either, whether or not qualifications 2 and 7 above, 
have been met, since the evidence depends upon a temporal 
lesion projecting bilateral filling defects to the SC. This 
could be determined if HRP was injected into one SC and the 
labeling of ganglion cells in each retina was examined. 
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Dorsal lateral geniculate nucleus. The whole of the 
retina appears to project to the contralateral dLGN, since 
every retinal lesions produced a filling defect in the 
contralateral dLGN. In addition, ganglion cells in the 
temporal retina projected axons to the ipsilateral dLGN. In 
this case, it can be said that the results suggest that the 
whole of the temporal retina projected ipsilaterally to the 
dLGN, since temporal lesions always produced filling 
defects in the binocular segment. Nasal retina was shown 
to project filling defects confined to the monocular 
segment of the dLGN and axons only projected 
contralaterally, since the monocular segment in the 
ipsilateral dLGN, was never labeled. 
Qualifications 2 and 7 above will be considered 
together, since they both require that the temporal retina 
should sample the visual field beyond the vertical 
meridian. Laser lesions made in temporal retina produced 
filling defects bilaterally in the binocular segment of the 
dLGN. The two examples presented, of lesions in the dorsal 
quadrant of the temporal retina, produced filling defects 
which extended to the caudal pole of the contralateral 
dLGN. Such defects extending to far caudal nucleus, 
represent the wedge of inactivated retinal ganglion cells 
extending to the edge of the temporal retina. Ganglion 
cells situated so far temporally in the retina must have 
been viewing the visual field beyond the vertical meridian. 
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An electrophysiological finding that some temporally 
situated ganglion cells which project to the ipsilateral 
dLGN, have receptive field centres up to 300 beyond the 
vertical meridian of the visual field, in the tammar (Wye-
Dvorak, 1985) support this anatomical evidence by 
demonstrating that this part of the field is being sampled 
by temporal retina. 
Thus the retinal lesions applied to establish the 
map of the retinal projections to the dLGN, which is the 
same as that obtained by electrophysiology (Wye-Dvorak, 
1985), provide evidence in addition to that map, that the 
tammar uses mapping Strategy 3. This means that the animal 
uses the same strategy as that of the rat (Lund et al, 
1974; Reese and Jeffery, 1983; Reese and Cowey, 1983) and 
the rabbit (Holcombe and Guillery, 1984) but a different 
strategy to that of the primates (Kaas et al., 1972; 
Malpeli and Baker, 1975), cat (Laties and Sprague, 1966; 
Hickey and Guillery, 1979; Bishop, 1984) and ferret (Zahs 
and Stryker, 1985). 
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Conclusions. 
The laser lesion and HRP method used in this 
experiment was a very satisfactory anatomical technique. 
The laser was non-invasive beyond the lesion site and 
produced sharply defined filling defects in the SC and 
dLGN. Axons and terminals in the visual centres were well 
filled with the HRP reaction product and were therefore 
easily visualized by microscopy. 
The study has determined the orientation of the 
retinotopic map in the SC and in the dLGN of the tammar. 
The orientation of the map in the SC is like that of all 
mammals, including the American opossum (Volchan et al., 
1982). This is interesting in view of the long separation 
in time, of the eutherian and metatherian lines (Tyndale-
Biscoe, 1973; Romer, 1977) and in view of the long 
geographical separation of the American and Australian 
marsupials (Tyndale-Biscoe, 1973). The orientation of the 
map in the dLGN is the same as that found physiologically 
by Wye-Dvorak (1985) and is like the map in some mammals, 
notably those with lateral eyes. However, it is unlike any 
of the various retinotopic maps in the dLGN of the primates 
and carnivores. The tammar has been shown to use the 
decussation and mapping Strategy 3 (after Lund, 1978) to 
map retinal projections to the SC and dLGN and this is the 
first demonstration of this in the marsupial. 
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